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OS (54) Title: COMPOSITIONS AND METHODS FOR IDENTIFYING ANTIVIRAL AGENTS 

2 (57) Abstract: Disclosed are compositions and methods that can be used to identify antiviral compounds. The methods can be 
carried out by exposing a cell that expresses a host factor to a candidate compound. If the expression or activity of the host factor, 

Q which is a protein we identified by virtue of its influence on the endogenous retrovirus-like Tyl element in yeast, is inhibited, the 
candidate compound is a potential antiviral agent. Such agents can be further tested, if desired, by determining whether they inhibit 

^ the ability of the virus to infect a cell or replicate within it 
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CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of the priority date of U.S. Provisional Application 
No. 60/378,71 1, which was filed on May 7, 2002. For the purpose of any national phase 
application that is subsequently prosecuted in the United States, the entire content of the 
provisional application is incorporated herein by reference. 

TECHNICAL FIELD 

This invention relates to compositions and methods for identifying antiviral agents, 
including those that are effective against retroviruses, such as human immunodeficiency viruses. 

BACKGROUND 

Retroviruses cause diseases such as acquired immune deficiency syndrome (AIDS), 
and they also play a causative role in cancer. Retroviruses generally encode Gag and Pol as 
well as additional proteins that are required to carry out their life cycles. These life cycles 
are complex, and they include (1) the assembly of virus particles (2) reverse transcription of 
mRNA and (3) integration of cDNA into the genome. Given the increasing prevalence of 
retroviral diseases, there is a need for new anti-viral strategies and treatments for retroviral 
diseases. There is also a need for new methods to identify such antiviral compounds and 
treatments. 

SUMMARY OF THE INVENTION 

The present invention is based, in part, on studies that exploited a collection of gene 
deletion mutants to identify proteins in yeast cells that influence the endogenous retrovirus- 
like Tyl element (these proteins are referred to below as "host factors"). As described 
further below, Tyl is a retrotransposon (sometimes called a retroposon) present in yeast, that 
is related to retroviruses; Tyl uses a mechanism similar to that used by retroviruses to 
integrate into the genome of a host cell. In our studies, we identified 105 yeast genes and the 
sequences of human proteins that are homologous to the host factors encoded by many of 
these yeast genes. At least 27 of the yeast host factors had significant homology to human 
proteins (with BLAST Expect values of <10" 30 ). The Tyl host factors identified in yeast can 
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be used to study Tyl and identify antiviral agents. Homologous proteins in higher 
organisms, such as the human homologs shown in Figure 4, can also be used to identify 
antiviral agents. Accordingly, the present invention features methods of screening agents for 
antiretroviral activity and compositions useful in such screens (e.g., collections of host 
5 factors and cells in which one or more host factors have been inactivated). As described 

further below, the screening methods can be designed. to detect a change (e.g., a decrease) in 
the expression or activity of a host factor. Expression can be detected by any of the methods 
presently known in the art (e.g., Northern blot assays, RT-PCR or other PCR-based 
amplification assays, RNAse protection assays, or in antibody-based assays (where the 

10 expression measured is protein expression, rather than gene expression), etc.; expression can 
also be examined in microarrays). Activity can similarly be measured by known assays and 
techniques (e.g., kinase assays, cellular proliferation assays, etc.). 

As used herein, a "host factor" is a yeast protein encoded by a gene identified in 
Table 1, a human homolog thereof (including those shown in Figure 4), a homologous 

15 protein in another animal, or a fragment, other mutant (e.g. a substitution mutant), or 

derivative (e.g., a protein encoded by a splice variant or a protein to which additional amino 
acids residues have been attached) of any of these proteins. Where the host factor is not 
naturally occurring, it must retain one or more of the biological activities of the 
corresponding wild type host factor or it must function in the methods described herein. 

20 Homologous proteins (e.g. a mouse homolog or a homolog from a non-human primate) and 
fragments, other mutants, and derivatives of host proteins can be identified by their ability to 
function in a manner that is substantially equivalent to the yeast and human host factors 
described herein. A given protein will function in a maimer, that is substantially equivalent to 
that of a yeast or human host factor described herein if it exhibits one or more of the known, 

25 natural functions of the host factors (see Figure 5) or if it works in one or more of the 

screening assays set forth below. For example, a protein that constitutes a fragment of the 
protein encoded by ARD1 or a fragment of SEQ ID NO: 16 (a human homolog of the protein 
encoded by ARD1) is ahost factor so long as it can be used in place of (i.e., can effectively 
substitute for) the protein naturally encoded by ARD1 or the protein represented by SEQ ID 

30 NO: 16 in one of the assays described herein for identifying antiviral agents. This is not to 
say that the homologous, mutant, or variant protein need exhibit activity as robust as that of 



2 



WO 03/094847 



PCT/US03/14382 



its wildtype counterpart. Retention of even a small amount of the activity is sufficient so 
long as the homolog, mutant or variant protein is useful in detecting antiviral agents. 

As illustrated further in the Examples below, Ardl/Natl encode a heterodimeric 
acetyltransferase. Together, these proteins modify target proteins, adding a chemical moiety 
to their N-termini. When working with the host factor Ardl , one could screen for 
compounds that bind to Ardl or that inhibit the N4eiminal acetylase activity using, for 
example, a substrate such as a histone. For example, one could monitor the incorporation of 
a radiolabeled acetyl group. Alternatively, one could assay for dimerization between Ardl 
and Natl or for other known in vivo functions of Ardl and/or Natl. Such functions include 
teleomeric silencing and cell cycle progression (see Figure 5). Analogous assays can be used 
to test any of the factors for which a biological fimctionor property (e.g. dimerization) is 
known or can be ascertained. * 

An "antiviral agent" is an agent that inhibits a virus in any therapeutically beneficial 
way (the antiviral agents identified using the compositions and methods described herein are 
expected to inhibit retroviruses (e.g., those that infect humans and domesticated animals, 
such as cats) although the agents identified may have other therapeutic uses as well (e.g., 
they may be useful in inhibiting viruses other than retroviruses)). For example, an antiviral 
agent can inhibit the ability of a retrovirus to infect cells, replicate within them, propagate, or 
infect secondary cells and can, as a consequence, improve a clinical sign or symptom in a 
patient who is infected with the retrovirus. The agent may also provide benefits to patients 
who have not yet been infected by reducing the, likelihood that they will become infected 
following exposure to the retrovirus or that their symptoms will be as severe or prolonged as 
one would expect in the absence of treatment with the antiviral agent. Without limiting the 
invention to methods that identify anti-viral compounds having any particular features, in 
certain embodiments, candidate compounds can be identified as potential anti-viral agents by 
virtue of their ability to bind to or modify (e.g., inhibit) the expression or activity of one or 
more of the host factors described herein. An antiviral compound can be a small molecule, 
an oligonucleotide (e.g., an antisense oligonucleotide),, an siRNA, an antibody (e.g., a 
monoclonal antibody, a humanized antibody, a single chain antibody, or fragments thereof), 
or another type of protein or compound that can bind to and thereby inhibit the ability of a 
host factor to facilitate retroviral infection, replication, or propagation. For example, in the 



WO 03/094847 PCT/US03/14382 

event the host factor is a subunit of a larger protein complex (e.g 9 ahomodimer or 
heterodimer), the antiviral agent could, by virtue of binding to (or otherwise associating with) 
the host factor, prevent the host factor from participating in (or functioning in) the complex. 
The activities of many host factors are known in the art and representative examples are 
5 referenced in Figure 5. 

Antiviral agents can be identified by carrying out the methods described herein in 
cells in vivo or ex vivo. The cell can be a yeast cell (e-g, a Saccharomyces cell, such as 
S. cerevisiae), a bacterial cell (eg., E. coll), a mammalian cell (e.g. a human cell, such as a 
T lymphocyte), or a cell from an established cell line. Alternatively, one can employ cell- 

10 based assays, cell fractions, cell lysates, cell extracts, or in vitro assays with partially or 
substantially purified host factors. Regardless of the exact configuration of the assay, the 
antiviral agents can be identified in a two-step process: in the first step, one identifies a 
compound that binds to or that inhibits the expression or activity of a host factor, and in the 
second step, one tests the compound for antiviral activity. For example, in one embodiment, 

15 the invention features methods of identifying antiviral agents that include the steps of: 

(a) exposing a host factor to a candidate compound; (b) determining whether the candidate 
compound binds (e.g., specifically binds) the host. factor or inhibits the activity or expression 
of the host factor (a candidate compound that binds the host factor or inhibits the activity or 
expression of the host factor is a potential antiviral agent); (c) exposing a cell to the potential 

20 antiviral agent and a retrovirus; and (d) determining whether the potential antiviral agent 
inhibits the ability of the retrovirus to infect the cell, replicate therein, or exit the cell. A 
potential antiviral agent that inhibits the ability of the retrovirus to, for example, infect the 
cell, replicate therein, or exit the cell is an antiviral agent. The cell can be exposed to the 
potential antiviral agent before, during or after the. cell is exposed to the retrovirus. Where 

25 the cell is a cell in vivo, one can determine whether a potential anti-viral agent is an antiviral 
agent by determining whether there is any improvement in a sign or symptom of the disease 
that is associated with the retroviral infection, or whether those signs and symptoms fail to 
appear as expected in the absence of administration of the antiviral agent. 

The host factor can be partially or substantially pure* (e.g. it can be separated from 

30 some or substantially all of the materials with which it is naturally associated; e.g, 50, 60, 
70, 75, 80, 85, 90, 95, 98, 99, or 100% pure) or in, for example, a cell fraction, lysate, or 
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extract In these methods and other embodiments, in addition to determining, or as an 
alternative to determining, in step (b), whether ihe candidate compound binds (and, 
preferably, specifically binds) the host factor, one can determine whether the candidate 
compound inhibits the ability of the host factor to.function. For example, one can determine 
5 whether the candidate compounds inhibit one or more of the activities of the host factor 
(again, some of these are noted in Table 2 and referenced further in Figure 5) or the host 
factor's expression. 

As noted above, the methods of the invention can be carried out using intact or whole 
cells. Accordingly, the invention features methods for identifying an antiviral agent by: 

10 (a) exposing a first cell that expresses a host factor to a candidate compound; (b) determining 
whether the candidate compound binds to the host factor or inhibits the expression or activity 
of the host factor in the first cell (a candidate compound that inhibits the expression or 
activity of the host factor in the first cell is a potential antiviral agent); (c) exposing a second 
cell to the potential antiviral agent and a retrovirus; and (d) determining whether the potential 

15 antiviral compound inhibits the ability of the retrovirus to, for example, infect or replicate 
within the second cell. A potential antiviral compound that inhibits the ability of the 
retrovirus to infect or replicate within the second cell is an antiviral compound. As described 
further below, the first cell and the second cell (as referenced in any of the methods of the 
invention) may be of the same type or of different types and, if one desires, the first cell and 

20 the second cell may be the same cell. 

The gene encoding a host factor can be deleted or inhibited in non-yeast cells (e.g., a 
mammalian cell, such as a primary human cell or a cell from an established human cell line) 
by any method known in the art (e.g., gene deletion or RNAi). That cell, or cells derived 
from the initial deletant cell, are within the scope of the present invention. Such cells (which 

25 can be isolated or placed in culture) can be used to determine whether the gene that was 
deleted (or otherwise inhibited) encodes a protein that facilitates retroviral infection or 
replication. It does so if, in its absence, a given retrovirus is less able to .infect or replicate 
within the cell. Accordingly, the invention also features methods of determining whether a 
host factor is a promising target for a therapeutic agent. These methods can be carried out, 

30 for example, by exposing a cell in which one or more host factors have been silenced or 
impaired (by a knock out, other mutation, or antisense or RNAi procedure) to a retrovirus. 
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Such a cell is exposed to a retrovirus under conditions that would allow the retrovirus to 
infect the cell and carry out its life cycle. If the host factor is a promising target for a 
therapeutic agent, the retrovirus will not infect the cell or complete its life cycle as 
successfully as it otherwise would (control experiments using, for example, a corresponding 
5 wildtype cell, can be carried out). Any of the host" factors described herein can be used in 
such an assay and any of the reagents suitable for use in the screening assay described above 
are suitable for use in identifying promising drug targets. For example, one can examine 
yeast or human host factors and either (or both in combination) can be studied in yeast or 
human cells. This method can be carried out before one screens for antiviral agents per se. 

10 Preferably, the cell (be it the first, seconder only cell used) is one that is naturally 

infected by a retrovirus, but it can also be a cell that is rendered susceptible to infection (by, 
for example, being made to express appropriate receptors for the virus in question). 

In the various embodiments of the invention, the host factor can be a yeast or human 
host factor or, where more than one factor is present, a combination thereof. Alternatively, 

15 the host factor can be a homologous protein from another species or, as described above, a 
fragment, other mutant, or variant of any of these proteins. The factor(s) can be naturally 
expressed by a cell employed in the assays described herein or they can be expressed 
following transfection with an appropriate nucleic acid sequence (optionally, under the 
control of a constitutively active or inducible promoter and/or other regulatory elements). 

20 Cells that have been genetically modified to express a host factor are also within the scope of 
the invention. The nucleic acid sequence can also encode an affinity tag to facilitate 
purification or to confer some other desirable attribute. In the event the host factor is a 
human host factor, it can include the sequence of any of SEQ ID NOs:5-501. 

Kits containing reagents to carry out/the methods of the invention and those reagents 

25 per se are also within the scope of the present invention. For example, the invention features 
collections of the host factors described herein (yeast, and human) and nucleic acid sequences 
encoding them. For example, the invention features a kit that includes the yeast host factor 
Ardl and/or Natl, Sin3, or Spt4, or one or more of the corresponding human homologs and 
one or more of the reagents necessary for determining whether the host factors) included 

30 retain their biological activity in the presence .of a candidate anti-retroviral agent (e.g. , a 
protein substrate to assess acetyltransferase or deacetylase activity). The same kit could 
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include the DNA repair protein Rad52 and reagents that could be used to examine the ability 
of this host factor or a homologue or derivative thereof, to mediate homologous 
recombination in the presence of a candidate antiviral agent. Alternatively, or in addition, 
the kit can contain a host factor that influences protein folding or otherwise modifies cellular 
5 proteins (e.g., kinases and proteases) and reagents for assaying these biological activities. 

These descriptions exemplify the kits of the invention. Others may contain any combination 

■. 

of the yeast or human host factors we identified (the yeast host factors are shown in Tables 1 
and 2 and the human homologies are shown in Figure 4). The factors, or cells that express 
them, and reagents to assay their expression or activity (i.e., an activity set out in Table 2 or 
10 Figure 5) in the presence of candidate antiviral agents, can be packaged with instructions for 
use (which may be written or contained in some other medium). 

The details of one or more embodiments of the invention are set forth in the accompa- 
nying drawings and the description below. . Other features,; objects, and advantages of the 
invention will be apparent from the description and drawings, and from the claims. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 A and IB illustrate events relevant to- the functional genomic screen we used 
to identify genes that affect Tyl . Fig. 1 A is a schematic of the test Tyl plasmid pARlOO (a 
composition within the scope of the invention), which was introduced into each of the 4,483 
5. cerevisiae deletion strains tested. 

20 The results obtained in an exemplary screen pn synthetic complete medium lacking 

histidine are shown in the photograph of Fig. IB. Four knockout strains (listed to the right of 
the plate) were tested in triplicate (listed 1-3 above, the plate) on each plate (after inducing 
retrotransposition). Two controls were included oil each plate. The negative control was the 
wildtype 4743 strain (Winzeler et al 9 Science 285:901-906, 1999) carrying the pRS3 16 

25 plasmid (Sikorski and Hieter, Genetics 122: 19-27, 1989; lower left), and the positive control 
was the wildtype 4743 strain carrying the pARlOQ Tyl test plasmid (lower right). The 
positive control yielded a retrotransposition rate of approximately 1% under our test 
conditions, as judged by the appearance of His* cells. TheTMR032w strain (plated in the 
third row from the top) showed a clear decrease in Tyl retrotransposition (in triplicate), and 
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all three patches showed decreased numbers of His + cells. An additional 24 plates were used 
to test each box of 96 deletion strains. 

Figures 2A-2C represent transposition data for the chromatin mutants. The 
photographs in Fig. 2A show the results obtained when the ten chromatin mutants identified 
in our screen were tested. On each plate, the top row shows retrotransposition data from the 
original three transformants, the second row from the. top shows retrotransposition in cells 
from the frozen stocks of those original three transformants, and the third row shows 
retrotransposition in cells of the three re-transformants. Negative and positive controls are 
shown at the bottom of each plate as described for Figure IB. Equivalent results were 
obtained with knockout strains that were independently generated using a LEU2 deletion 
cassette to delete the same genes in the 4741 strain background. The photograph of Fig. 2B 
illustrates a quantitative retrotransposition assay. Cells were scraped from the SC plus 5-Foa 
plate, diluted to an ODeoo of 1.0, and 2-fold serial- dilutions were plated from left to right. 
Fig. 2C lists the fold changes for the chromatin mutants that were determined using the 
dilution assay depicted in Fig. 2B. Each mutant was tested in triplicate and the value shown 
represents the average of the three estimates. The fold-change estimates for all of the 
mutants in Table 1 were obtained. Fifty of the mutants yielded 3-8-fold changes and 51 
yielded greater than 8-fold changes. 

Figure 3 is an illustration of the Tyl retrotransposition cycle. The cycle begins with 
the transcription of Tyl elements in the nucleus (step 1). Tyl mRNAs are produced and 
exported to the cytoplasm (steps 2 and 3). The mRNAs are next translated to produce Tyl 
Gag and Pol proteins (step 4); Tyl virus-like particles are assembled and Tyl mRNAs are 
packaged into these particles (step 5). The arrows exiting and entering the cell indicate the 
point at which retroviruses with envelope (ENV) genes can' exit a cell and infect a new cell. 
The Tyl mRNAs next are copied into double stranded (ds) cDNAs using reverse 
transcriptase (step 6). The cDNAs and Tyl integrate (IN) then are imported back into the 
nucleus (step 7). The cDNAs-finally are integrated into chromosomal DNA (step 8). 

Figure 4 is a compilation of human proteins homologous to the yeast host factors 
identified in the studies described below (the human, host factors are represented by SEQ ID 
NOs:5-501). The GenBank™ accession number is provided for each sequence. The human 
proteins were identified by using the sequences of the "yeast . host factors as queries in a 
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BLAST search of databases available through the National Center for Biotechnology 
Information (NCBI). Human homologs or homologs from other species can be identified 
using this resource. For example, one can identify homologs using the default parameters set 
by the search program (BLOSUM62 is the matrix; word length 3; gap penalty 11 ; gap 
5 extension penalty 1). Alternatively, one can accept matches under less stringent 

circumstances. Physical assays can also be performed to identify homologous sequences. 
For example, one can probe a cDNA library with a sequence that encodes one or more of the 
yeast or human host factors identified herein so that the sequence, which acts as a probe, 
hybridizes with potential target sequences in the library under conditions of high stringency. 

10 Highly homologous sequences will remain base-paired even following washing under 
conditions of high stringency (see the conditions of high stringency in Sambrook et aL, 
Molecular Cloning - A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, NY, 1989). 

Figure 5 is a Table summarizing the functions of host factors. These functions are 

15 among those that can be assessed when determining whether a candidate compound inhibits 
the activity of a host factor. 

DETAILED DESCRIPTION 

Tyl is an LTR (long terminal repeat) retrotransposon in yeast that is a relative of 
vertebrate retroviruses (Boeke et aL, The Molecular and Cellular Biology of Yeast 

20 Saccharomyces: Genome Dynamics, Protein Synthesis, and Energetics, J.R. Broach et aL 
Eds, pp 193-261, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y, 1991). 
Like retroviruses, Tyl encodes homologs of Gag and Pol proteins, forms virus-like particles, 
and transposes through an RNA intermediate using reverse transcriptase (Boeke et aL, 
supra). Tyl has a complex retrotransposition cycle that begins in the nucleus with the 

25 transcription of full-length Tyl elements. As the cycle progresses, virus-like particles are 

assembled in the cytoplasm and, ultimately, double-stranded Tyl cDNAs are generated from 
Tyl mRNAs. The cycle is completed when these newly synthesized cDNAs integrate into 
chromosomal DNA in the nucleus of the host cell. Since the transposition cycle is complex 
and spans several intracellular compartments, it is likely to involve a wide range of host 

30 factors. 
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The human genome project has revealed that transposable genetic elements are 
abundant in the genomes of model organisms and humans. We have used bioinfoimatic, 
genomic, and biochemical tools to study the phenotypic effects of these transposons on the 
genomes of yeast and humans. Our work with the Tyl retrotransposon of yeast has revealed 
5 that this transposon integrates very non-randomly in the yeast genome. Tyl usually avoids 
integrating into the protein coding, gene-rich regions of the genome, and instead inserts 
preferentially upstream of tRNA genes and other genes that are transcribed by RNA 
polymerase DDL Although this targeting system generally protects yeast genes from undesired 
transposon mutations, Tyl does occasionally integrate into genes and cause mutations. To 

10 understand this targeting system better, we have conducted a functional genomics screen for 
factors that affect Tyl transposition using the recently completed gene deletion collection 
generated by the Saccharomyces Deletion Project." We identified a number of cellular factors 
that influence Tyl . Our preliminary results indicate that transposon insertion polymorphisms 
(TIPS) and other types of Deletion/Insertion Polymorphisms (DIPs) represent a major source 

1 5 of genetic diversity in humans. 

As noted, we identified host factors that influence Tyl (and therefore function to 
facilitate Tyl transposition) by screening the collection of mutants generated by the 
Saccharomyces Genome Deletion Project (Winzeler et al, Science 285:901-906. 1999). An 
advantage of this approach is that all -6,200 yeast genes have been deleted in this single 

20 isogenic collection of knockout strains, allowing many genes to be tested in parallel for 

possible effects on a given process (in this case, Tyl retrotransposition). Approximately 17% 
of the genes in yeast are "essential" and therefore produce lethal phenotypes upon gene 
deletion (Winzeler et al, Science 285:901-906, 1999). However, the remaining -83% of 
gene knockouts are viable and can, therefore, be tested readily for additional phenotypes. 

25 Just over 1 00 genes (1 05) that influence many different aspects of the Tyl 

retrotransposition cycle were identified from uor analysis of 4,483 homozygous diploid 
deletion strains. Of these mutants, 46 had significantly altered levels of Tyl cDNA. Thus, 
approximately half of the mutants apparently affected the early stages of retrotransposition 
leading up to the assembly of virus-like particles and cDNA replication, whereas the 

30 remaining half effected steps that occur after cDNA replication. Thus, if one specifically 

wished to identify an antiviral agent that acted by inhibiting either the early stages of the viral 
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life or the later stages of the viral life cycle, the assays of the invention could be configured 
to assay the expression or activity of host factors affected at either of these relative times. 
Although most of the mutants retained the ability to target Tyl integration to tRNA genes, 
two mutants had reduced levels of tRNA gene targeting. Thus, should one wish to search for 
antiviral agents that specifically interfered with gene targeting, the assay could be configured 
to assess the expression and/or activity of one of these two host factors. 

As illustrated in Fig. 1 A, we induced retrotransposition by growing cells carrying the 
test plasmid in a gaiactose-positive environment, and then assayed transposition by 
replicating to media lacking histidine. The test plasmid carries Tyl and HIS3 sequences 
under the control of a Gall promoter. Because the deletion mutants lack an ability to grow in 
histidine, we were able to identify the genes that encode proteins required for 
retrotransposition by examining the ability of each of the mutant strains of yeast, carrying the 
test plasmid, to survive on histidine-free culture medium. If Tyl integrates into the yeast 
genome, as evidenced by the cell's ability to survive on the histidine-free medium, we can 
conclude that the protein that is absent from the hdst deletion mutant is not one required for 
the retrotransposition. To the contrary, if the protein that is absent is required for 
retrotransposition, the yeast cells will not grow or' will grow much less well. If there is no 
retrotransposition (because a protein required for that event has been effectively deleted from 
the mutant yeast cell), the cell will not express the exogenous HIS3 sequence and, 
consequently, will not be able to survive, or will have an impaired ability to survive, when 
plated on histidine-free medium. The assay also can detect deletions that cause increases in 
transposition by detecting increased numbers of HIS-positive cells on media lacking 
histidine. 

The results we obtained represent a dramatic increase in the number of host factors 
that are known to affect Tyl and provide information on the relationship between Tyl and its 
yeast host. In addition, we discovered that many of the yeast host factors are homologous to 
human proteins, and we describe how factors from either or both sets can be used to identify 
antiviral agents (of course, homologs from other animals, such as rats, mice, or other rodents, 
rabbits, cats, dogs, sheep, cows, horses, goats, pigs, arid non-human primates can be used in 
these methods as well). 
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The 105 genes that were identified in the initial study with Saccharomyces mutants 

are shown in Table 1. 

Table 1. Deletion strains with moderate or strong changes in Tvl retrotransposition 
(retrotransposition levels measured in triplicate with dilution assays) 



Group (no. of genes) 
Chromatin (10) 

Chromatin Remodeling (4) 
DNA Repair (4) 
Miscellaneous (27) 



25 Nuclear Transport (2) 

Protein Folding 
/Modification (8) 



Ribosomes/Translation (9) 



35 RNA Metabolism (8) 



Transcription (10) 



Transcription/ 

elongation (7) 



Gene Deleted (fold-change in retrotransposition (average of 
* three measurements)) 

ARDl (-20.0); NAT1 (-32.0); SAP30 (-32.0); SIN1 (SPT2; 
-16.0); SIN3 (-16.0); SIN4 032.0); SPT4 (-32.0); SPT10 (-4.0); 
SPT21 (-16.0); STB5 (^32.0) 

SNF2 (~ -10.0); SNF5 (~ -10.0); SNF6 (~ -10.0); SWI3 (~ -10.0) 

APN1 (-9.3); MMS22 (-6.0); RAD52 (-4.0); XRS2 (-4.0) 

APG17 (-10.7); APL5 (-16.Q); BEM1 (-8.0); BUD6 (-4.0); 
CH02 (-4.0); CYK3 (-16.0); DCC1 (-12.0); ERV14 (-5.3); 
FYV3 (-16.0); HOF1 (CYK2; -16.0); JNM1 (-3.3); KCS1 
(-6.7); KRE24 (-4.0); MAD2 (-3.3); MFT1 (-8.0); PAT1 
(-16.0); NUM1 (-8.0); SCP160 (-4.0); SDF1 (-3.3); SEC22 
(-9.3); SEC65 (+3.3); SMI1 (-8.0); SWA2 (-4.0); TPM1 (-8.0); 
TPS2 (-8.0); VPH1 (-8.0); VPS9 (-4.0) 

NUP84 (-12.0); NUP133 (-5.3) 

CPR7 (-3.3); DBF2 (-8.0); DOA4 (-8.0); MCK1 (-32.0); NAT3 
(-26.7); PFD1 (-4.6); SSE1 (-21.3); TCI1 (-3.3) 



DBP3 (-8.0); RPL6A (-16.0); RPL14A (-8.0); RPL16B (-4.6); 
RPL19B (-13.3); RPL20B (-10.7);RPL21B (-6.7); RPP1A 
(-8.7); RPS10A (-10.7) 

CBC2 (-24.0); DBR1 (-13.3); LEA1 (-16.0); LSM1 (-32.0); 
NOP12 (-13.3); RIT1 (-24.0); STOl (CBC1; -32.0), YDL033c 
(-8.0) 

CTK1 (-12.0); DEP1 (-37.3); HAC1 (-4.0); PH023 (-6.0); 
POP2 (-13.3); RPA49 (-16.0); RTF1 (-9.3); SRB8 (-8.7); SSN2 
(-8.0); SUB1 (-7.3) . 

ELP2 (-6.0); ELP3 (-10.7); ELP4 (-6.0); ELP6 (-13.3); 1KB 
(ELP1; -10.7); KTI12 (-4.0); THP2 (-6.0) 
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Unknown (16) YBR077c (-6.0); YDLllSc (-12,0); YDR496c (-10.7); 

YFL032w (-3.3); YGL250w (-5.3); YGR064w (-16.0); 
YKL053C-A (-4.0); YLR052w (-3.3); YLR322w (-8.7); 
YMLOlOc-B (-16.0); YNL226w (-16.0); YNL228w (-16.0); 
YNL295w (-3.3); YOL159c (+4.0); YOR292c (-10.7); 
YPL080c (-4.7) 

At least 39 of the 105 factors have significant homology to human proteins (with 
BLASTp Expect values of < 10' 13 ; Table 2). This. is not to say that human proteins that 
exhibit less homology with the yeast host factors are excluded from the invention or are less 
useful in the methods described herein. The yeast host factors, their human homologs, or 
homologous proteins similarly identified in other species (e:g. 9 identified by searching 
sequence databases, using the identified yeast or human sequences as queries) can be used to 
screen compounds that affect (eg., inhibit in any therapeutically useful way) human 
retroviruses such as HIV (e.g., HIV-1 or HIV-2 of any subtype or clade). Such antiviral 
agents could, of course, prove effective in treating or preventing diseases associated with 
retroviruses (e.g., acquired immunodeficiency syndrome (AIDS). 

Table 2. Tvl host factors with significant matches to human host factors . 



Yeast Protein Human BLAST Score . Function/Phenotvpe 
Chromatin (4) 

Ardl 2e-38 N-terminal acetyltransferase 

Natl le-75 N-terminal acetyltransferase 

Sin3 5e-68 Histone deacetylation 

Spt4 2e-17 Chromatin factor 

DNA Repair (1) 

Rad52 3e-38 Homologous recombination 

Miscellaneous (9) 

Apl5 5e-92 Vesicular trafficking 

Ervl 4 4e- 1 7 Localized to ER-derived vesicles 

Kcsl 9e-23 Inositol hexakisphosphate kinase 3 

Mad2 '8e-37 Mitotic arrest deficient 

Sep 160 2e-33 High density lipoprotein binding protein 

Sdfl 3e-26 Sporulation deficient 

Sec22 1 e-28 Vesicular trafficking 

Vphl 1 e- 1 69 Proton pump in clatherin vesicles 

Vps9 2e-20 Rab5 GDP/GTP exchange factor 



13 



WO 03/094847 



PCT/US03/14382 



Protein Folding/Modification (6) 



Cpr7 3e-39 CyclophilinD 

Db£2 4e-56 Serine/threonine kinase 

Doa4 5e-47 Ubiquitin specific protease 8 

Mckl 2e-69 Protein kinase 

Nat3 5e-28 N-teiminal acetyltransferase 

Ssel le-120 Hsp70 family 

Ribosomes/Translation (7) 

Dbp3 2e-73 RNA helicase 

Rpl6a 4e-28 Ribosomal protein 6 

Rpll6b 8e-51 . Ribosomal protein 13a 

Rpll9b 3e-34 Ribosomal protein 19b 

Rpl20b 3e-42 Ribosomal protein 1 8a 

Rpl21b 8e-40 Ribosomal protein 21 

RpslOa le-24 Ribosomal protein S 10 

RNA Metabolism (5) 

Cbc2 2e-35 Nuclear cap binding protein subunit 2 

Dbrl 4e-66 . RNA lariat debranching enzyme 

Lsml 2e-17 Lsml protein 

Stol/Cbcl 6e-13 Nuclear cap binding protein subunit 1 

Ydl033c 6e-41 5-methylaminomethyl-2-thiouridylate- 

methyltranferase 

Transcription (2) 

Ctkl le-69 Ctkl kinase 

Pop2 2e-49 . CCR4 complex 

Transcription Elongation (4) 

Elp2 3e-80 Transcription elongation/Apoptosis inhibitor 

Elp3 0 Histone acetyltransferase 

Dal (Elpl) 4e-74 RNA Polymerase II elongator subunit 

Ktil2 9e-15 RNA Polymerase II elongator associated 

protein 

Unknown (1) 

Ydr496c le-38 Unknown 



Human protein sequences homologous to the yeast host factors we identified initially 
are shown in Figure 4. The sequences were identified by a conventional protein Blast™ 
search. These proteins and other host factors (4s defined above) can be used to identify 
antiviral agents. 

For example, antiviral agents can be identified by, first, identifying a compound that 

binds to or that inhibits the expression or activity of a host factor and, second, testing the 
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compound for antiviral activity. For example, the method can be carried out by (a) exposing 
a host factor (or a number of host factors) to a candidate compound; (b) determining whether 
the candidate compound binds the host factors or inhibits the activity or expression of the 
host factors (a candidate compound that binds the host factors or inhibits the activity or 
expression of the host factors is a potential antiviral agent); (c) exposing a cell to the 
potential antiviral agent and a retrovirus; and (d) determining whether the potential antiviral 
agent inhibits the ability of the retrovirus to, for example, infect the cell, replicate therein, or 
exit the cell. A potential antiviral agent that inhibits the ability of the retrovirus to infect the 
cell or replicate therein (or that otherwise lessens the detrimental effect of a retroviral- 
associated disease on a patient) is an antiviral agent. 

The candidate compound can be essentially any type of chemical or biological entity, 
and those of ordinary skill in the art will be able to identify sources of compounds to be 
tested in the methods described herein. There have been recent advances in high throughput 
screening, and those advances have given rise to a need for large numbers of compounds. 
Those of ordinary skill in the art routinely acquire, and screen thousands of compounds in 
search of useful therapeutic agents. Compound libraries can be generated or obtained from a 
commercial supplier. For example, LeadQuest®, a library containing more than 80,000 
compounds, can be obtained from Tripos (St. Louis, MO). Standard or custom made 
libraries can also be obtained from, for example, Ab Initio PharmaSciences (Basel, 
Switzerland), Affymax Research Institute (Santa Clara, CA), Array BioPhanna, Inc. 
(Boulder, CO), Ascot Fine Chemical (Cambridge, England), ASDI Biosciences (Newark, 
DE), BioLeads GmbH (Heidelberg, Germany)/and BIOMOL Research Laboratories, Inc. 
(Plymouth Meeting, PA). The compounds may be chiral compounds, small heterocycle 
motifs, peptidomimetics, or natural product derivatives. 

When in the form of a library, the library can be a biological library (of, for example, 
peptides, oligonucleotides, or antibodies) or a spatially addressable parallel solid phase or 
solution phase library. Examples of methods for the synthesis of molecular libraries can be 
found in the art, for example in: DeWitt et al (Proc.-Natl. Acad. Sci. USA 90:6909,1993); 
Erb et al (Proc. Natl. Acad. Set USA 91:1 1422, 1994); Zuckermann et al. (J. Med. Chem. 
32:2678, 1994); Cho etal {Science 261:1303, 1993); Cairell etal (Angew. Chem. Int. Ed. 
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Engl 33:2059, 1994); Carell et al (Angew. Chem: Int. Ed. Engl. 33:2061, 1994); and Gallop 
et al (J. Med. Chem. 37:1233, 1994). 

Libraries of compounds may be presented in solution (e.g., Houghten, Bio/Techniques 
13:412-421, 1992), or on beads (Lam, Nature 354:82-84, 1992), chips (Fodor, Nature 
364:555-556, 1993), bacteria (U.S. Patent No. 5,223,409), spores (Patent Nos. 5,571,698; 
5,403,484; and 5,223,409), plasmids (Cull etal Proc. Natl Acad. Sci. USA 89:1865-1869, 
1992) or on phage (Scott and Smith, Science 249:386-390, 1990; Devlin, Science 249:404- 
406, 1990; Cwirla et al, Proc. Natl Acad. Sci. USA 87:6378-6382, 1990; and Felici, J. Mol 
5^7.222:301-310, 1991). 

Where inhibitors of gene expression are assayed, the inhibitor can be an antisense 
oligonucleotide or a sequence suitable for use in RNAi (e.g., a dsRNA, siRNA, or miRNA). 
RNAi (RNA interference) refers to the process of introducing a homologous double stranded 
RNA (dsRNA) into a cell to specifically target a gene sequence, resulting in null or 
hypomorphic phenotypes. RNAi is interesting because it is generally canied out with a 
double stranded molecule, rather than single-stranded antisense RNA; it is highly specific; it 
is remarkably potent (only a few dsRNA molecules per cell may be required for effective 
interference); and the interfering activity (and presumably the dsRNA) can cause interference 
in cells and tissues far removed from the site of introduction. 

Antisense oligonucleotides can also be tested as antiviral agents according to the 
methods of the invention and are well known in the art. Nucleic acids that hybridize to a 
sense strand (£&, a nucleic acid sequence that encodes protein, e.g., the coding strand of a 
double-stranded cDNA molecule) or to an mRNA sequenc^.are referred to as antisense 
oligonucleotides. While antisense oligonucleotides ai;e "antisense" to the coding strand, they 
need not bind to a coding sequence; they can also bind to a noncoding region (e.g., the 5' or 
3 f untranslated region). For example, the antisense oligonucleotide can be complementary to 
the region surrounding the translation start site of an mRNA (e.g., between the -10 and +10 
regions of a target gene of interest or in or around the polyadenylation signal). Moreover, 
gene expression can be inhibited by targeting nucleotide sequences complementary to 
regulatory regions (e.g., promoters and/or enhancers) to form triple helical structures that 
prevent transcription of the gene in target cells (see generally, Helene, Anticancer Drug Des. 
6:569-84, 1991; Helene, Ann. 'N. Y. Acad. ScL 660:27-36, 1992; and Maher, Bioassays 
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14:807-15, 1992). The sequences that can be targeted successfully in this manner can be 
increased by creating a so-called "switchback" nucleic acid. Switchback molecules are 
synthesized in an alternating 5'-3 f , 3 ! -5 ! manner, such that they base pair with first one strand 
of a duplex and then the other, eliminating the necessity for a sizeable stretch of either 
5 purines or pyrimidines on one strand of a duplex. Fragments having as few as 9-10 

nucleotides (e.g. 9 12-14, 15-17, 18-20, 21-23, or 24-27 nucleotides) can be useful in the 
screening methods described herein. 

Methods known in the art can also be used to determine whether a compound binds 
(e.g. , specifically binds) a host factor or the gene that encodes it. Similarly, methods known 
10 in the art can be used to determine whether a compound inhibits one or more of the activities 
of the host factor. Some of the functions that can be examined, and the methods by which 
they may be assessed, are summarized in the Table shown as Figure 5. 

EXAMPLES 

Construction of the test Tyl plasmid, pARlOO 
1 5 A Bam Hi/Not I fragment carrying a Gal-Ty 1 -neo insert (Devine and Boeke, Genes 

Dev. 10:620-633, 1996) was cloned into the Bam HI mdNot I sites of the pRS316 plasmid 
(Sikorski and Hieter Genetics 19-27, 1989) to generate the plasmid p3.1. APCR cassette 
carrying the HIS3 gene then was inserted into p3.1 at bases 6,168 to 7,080 of the Gal-Tyl- 
neo insert in both the forward and reverse orientations by homologous recombination in yeast 
20 (Kaiser et al Methods in Yeast Genetics, Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, NY, 1994). The HIS3 cassettes were generated by PCR using the pRS403 plasmid 
(Sikorski and Hieter Genetics 122:19-27, 1989) as" a template and oligonucleotide primers 
with the following sequences: 

(SD516) S'-TTACATTGCACAAGATAAAAArATATCATCATGAACAATAAA 
25 ACTAGATTGTACTG AGAGTGC AC-3 1 (SEQ ID NO:l), 

(SD5 1 7) S'-CGCCGTCCCGTC AAGTC AGCGTAATGCTCTGCC AGTGTTAC A 
ACCCTGTCGGGTATTTCACACCG-3 , (SEQ n>NO:2), ' 

(SD518) S'-TACATTGCACAAGATAAAAAIATATCATCATC 
TCTGTCGGGTATTTC ACACCG-3 1 (SEQ ID NO:3), and 
30 (SD519) 5-CGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCCAGTGTTACAA 

CCAGATTGTACTGAGAGTGCAC-3 1 (SEQ ID NO:4). 
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The neo gene of Gal-Tyl-neo was replaced by the HES3 gene using this strategy. 
Transposition levels were similar for both constructs, and the reverse orientation construct, 
pARl 00, was chosen for the screen (Figure 1 A). 
The Tyl transposition assay 
5 The complete set of homozygous gene deletion strains (release 2) was obtained from 

Research Genetics (Huntsville, AL). A complete list of the genes tested can be viewed at the 
Research Genetics website. These deletion strains were transformed with the pARl 00 test 
plasmid in batches of 96 following the order established by the Saccharomyces Genome 
Deletion Project using a lithium acetate method adapted to 96-well culture boxes (Winzeler 

10 et al 9 Science 285:901-906, 1999). All media were prepared as outlined previously (Kaiser 
et al Methods in Yeast Genetics, Cold Spring Harbor.Laboratory Press, Cold Spring Harbor, 
N.Y., 1994). Transformation reactions were plated on synthetic complete (SC) minus uracil 
(SC-U) medium and three independent transformants were patched onto SC-U medium. 
These plates were replica-plated to medium containing SC-U plus 2% galactose and 

1 5 incubated for four days at room temperature (24°C) to induce transposition. They also were 
replica-plated to yeast peptone glycerol (YPG) medium to identify strains that could not 
support respiration (these strains were eliminated from further analysis). The SC-U plus 
galactose plates then were replica plated sequentially to: i) SC-U plus glucose, ii) yeast 
peptone dextrose (YPD), iii) SC plus glucose containing 1.2 g/L 5-Fluoroorotic acid (5-Foa), 

20 and iv) SC minus histidine (SC-H) plus glucose (Figure IB). Plates were incubated 
overnight at 30°C between each step. 
Secondary Screens 

All mutants that were positive in the initial screen were re-tested in a GALl-lacZ 
reporter assay to identify host genes that influenced the GAL1 promoter used to induce 

25 transposition from the Tyl test plasmid. Only a small fraction of the mutant candidates 
affected the GAL J promoter as judged by the X-gal assay ((Kaiser et al Methods in Yeast 
Genetics, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1994), including 
deletions in several gal genes, and these were eliminated from further consideration. A 
second test was performed to determine whether the HIS3 marker in the test Tyl element was 

30 functioning in each putative Tyl mutant. Host mutants that affected marker function would 
not be expected to yield a His + phenotype after transposition and would be indistinguishable 
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from actual Tyl mutants. Thus, we tested whether each mutant candidate (carrying a Tyl test 
plasmid) could support a His* phenotype prior to the induction of transposition by replica- 
plating each strain to medium lacking histidine. .A small number of strains were identified in 
this class, including strains carrying deletions in the known histidine biosynthesis genes 
5 (hisl, his2, his4, his5 9 his6 and his7) 9 and these were removed from further consideration. 
Dilution assays 

Transposition levels were measured in triplicate for each mutant by plating serial 
dilutions of cells that had been induced for Tyl transposition on medium that was selective 
for transposition events (SC-H) and on two control media (SC and SC-U). Cells were 

10 scraped from the SC plus 5-Foa patches into water and diluted to an OD 6 oo of 1.0. Two-fold 
dilutions were prepared in 96-well microtiter dishes and then plated on all three media using 
a multichannel pipettor. The SC plate served as a control for adjusting the cells to an ODeoo 
of 1.0, whereas the SC-U plate served as a control to ensure that the test plasmid had been 
eliminated successfully on the previous 5-Foa step. The number of cells growing at each 

15 dilution on the SC-H plate was compared to similar dilutions prepared from the wild-type 

strain and the fold-change was estimated (rounding to the nearest 2-fold dilution). The three 
independent measurements were averaged to produce the final fold-change value reported. 

Targeting assays: The modified Tyl element, placed under the control of the 
galactose-inducible GAL1 promoter, was used to test retrotransposition as described 

20 previously (Devine and Boeke, Genes. Dev. 10:620-633, 1996; Boeke et al, Cell 40:491-500, 
1985). The yeast HIS3 gene was engineered into this test Tyl element as a convenient 
marker for retrotransposition events in the his3Al genetic background of the knockout 
collection (Winzeler et al, Science 285:901-906, 1999). Thus, if Tyl transposed from the 
test plasmid into the yeast genome, it carried with it the HIS3 gene and conferred a His + 

25 phenotype to an otherwise His" strain (Figure 1). 

Using this plasmid-based assay, deletion strains with significantly altered levels of 
iyi retrotransposition were identified readily from the knockout collection (Figure IB). In 
fact, 2.3% of the yeast genes tested showed a Tyl retrotransposition phenotype, for a total of 
105 mutants in the collection of 4,483. The vast majority of the mutants had decreased levels 

30 of retro-transposition (only ymll05c and yoll59c had increased levels). Transposition 

mutants were independently confirmed by re-transforming each strain with the Tyl plasmid 
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and re-testing it along with the original transformants and frozen stocks of the original 
transformants. The results of these comparisons were remarkably consistent (Figure 2A). 

All of the mutant candidates identified in pur initial screen were subjected to two 
secondary tests designed to eliminate host genes that affected our assay rather than Tyl 
retrotransposition itself. As expected, gal and his mutants were identified in these secondary 
screens, along with a few other mutants. Although gal and his mutants represented unwanted 
byproducts of our genomic screen, these mutants were fully expected to affect our assay and 
thus served as excellent internal controls for the accounting system of the knockout 
collection. The remaining 105 Tyl host factor (thf) mutants were considered to have actual 
Tyl retrotransposition phenotypes. These mutants clustered into ten groups according to the 
known functions of the genes (Table 1). The data for the chromatin mutants are shown in 
Figure 2. Similar data were obtained for the remaining mutants in Table 1 . 

Although the patch assays alone indicated that the changes in retrotransposition levels 
generally were quite significant, quantitative retrotransposition assays also were performed 
on the mutants listed in Table 1. The results of these assays confirmed and extended the 
initial observations with the patch assays. Fifty of the mutants produced "moderate" (3- to 8- 
fold) changes in retrotransposition levels and fifty-one mutants produced "strong" (greater 
than 8-fold) changes in retrotransposition levels. An example of the assay is shown in 
Figures 2B and 2C. We also identified a number Of mutants, with "weak" (below 3-fold) 
changes in retrotransposition levels, and these strains were omitted from the collection of 
mutants. 

Tyl cDNA analysis: Tyl cDNA was measured by Southern hybridization analysis 
after a 48-hour induction in medium containing galactose. DNA was isolated from duplicate 
pARlOO transformants and analyzed as follows. After measuring the DNA concentration of 
each sample with a spectrophotometer, 10 ^g of DNA was digested with the restriction 
endonuclease Afl II (which cuts 2,472 bp from the right end of Ty 1-HIS3 cDNA) and run on 
a 1% agarose gel. The DNA was transferred to a nylon membrane (Osmonics) and then 
hybridized to a 1 .4 kb probe that spanned the full HIS3 gene. Using this strategy, cDNA 
originating from the pARlOO donor plasmid was detected, but cDNA arising from genomic 
Tyl copies was not detected. The HIS3 probe also hybridized to the linearized donor 
plasmid pARlOO and the his 3 LI allele in the BY4743 strain background, thereby generating 
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two additional bands in each lane (at 13 kb and 5 kb, respectively). These bands served as 
loading controls to ensure that equal amounts of DNA were analyzed in each lane. The 
prehybridization/ hybridization buffer contained: .6 X SSC,. 0.01 M EDTA (pH 8.0), 5 X 
Denhardt's solution, 0.5% SDS, and 100 jig/ml sheared, denatured salmon sperm DNA. The 
prehybridization, hybridization, and final wash steps were carried out at 65°C. The washed 
membranes were exposed to XAR5 film, and also were analyzed with a Fujix BAS1000 
phosphoimager after exposing the membranes to phosphoimaging screens. Tyl cDNA was 
measured in the duplicate samples by digital analysis of the scanned images, and the 
duplicates were averaged to obtain the final values reported. The Tyl cDNA levels were 
considered to be altered from wild-type if the average of the duplicate measurements was 
below 50%, or greater than 200%, of wild type control cDNA levels. 
Identification of potential homologs: 

We next performed BLAST searches (Altschul et al,J. Mol Biol 215:403-410, 
1990) to identify potential homologs of Tyl host factors in- other organisms. Full-length open 
reading frame translations were obtained for each of the genes listed in Table 1 from the 
Saccharomyces Genome Database and these sequences were used as BLAST queries against 
the non-redundant protein database at the National Center for Biotechnology Information 
(NCBI) using the default settings. Potential homologs were identified in a variety of 
organisms, including humans, with this approach, and the sequences of the human homologs 
are shown in Figure 4 (SEQ ID NOs:5-501). Using a: BLAST Expect value cutoff of <10" 13 , 
thirty-nine of the 105 genes listed in Table 1 encoded proteins with significant matches to 
potential human homologs (Table 2). Similar results were obtained for mouse and other 
organisms. 

As will be evident from the studies described above^ 105 genes that presumably 
influence many different aspects of the Tyl retrotransposition cycle were identified from our 
analysis of 4,483 homozygous deletion strains, These genes are known to participate in a 
wide range of cellular processes, and we classified then into 11 major groups based on the 
known functions of the encoded proteins. 

Forty-six of the mutants identified in our screen had. altered levels of Tyl cDNA as 
measured by Southern hybridization analysis (Table 3). Forty-four of these mutants had 
decreased levels of cDNA, whereas two mutants had increased levels of cDNA. Since we 
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eliminated mutants that affected the GAL1 promoter used in our Gal-Tyl donor plasmid, 
none of the mutants is expected to affect the initial transcription step of the retrotransposition 
cycle in this system. However, several subsequent steps of the cycle must be completed 
before any Tyl cDNA can be replicated, and mutants with diminished levels of cDNA could 
5 be deficient in any of these steps. Such steps include: i) the initial processing of Tyl mRNA 
in the nucleus, ii) the export of Tyl mRNA from the nucleus, iii) the translation of Tyl 
proteins on ribosomes, and iv) the assembly of virus-like particles in the cytoplasm. The 
cDNA levels might also be affected by changes in the rate of cDNA replication or turnover. 
Nine of the ten chromatin mutants examined in our study produced diminished levels 

10 of Tyl cDNA compared to the BY4743 wild-type strain. One possible model to explain 
these results would be that these chromatin factors normally play an important role in 
protecting the Tyl cDNA from degradation by nucleases. In the absence of these chromatin 
factors, the Tyl cDNA is mofe vulnerable to nuclease digestion, and thus, Tyl cDNA levels 
are decreased in such chromatin mutants. This model predicts the existence of an important 

15 chromatinized cDNA intermediate that is necessary for retrotransposition. An alternative 
model would be that these chromatin factors regulate the expression of other genes that, in 
turn, affect cDNA replication or turnover. Such, genes might include some of the other 
"early" genes identified in our study (Table 1). Additional studies will be required to 
differentiate between these (and perhaps other) models. 

20 A number of other mutants in our collection also displayed decreased levels of cDNA 

and thus appear to affect early steps of the retrotransposition cycle. Within the RNA 
metabolism group, for example, both the cbcl and cbc2 mutants had reduced levels of Tyl 
cDNA. The Cbcl and Cbc2 proteins form a "cap binding complex" that binds to the cap 
structure of cellular mRNAs (Fortes et al, Mol Cell. Biol 19:6543-6553, 1999). Therefore, 

25 Cbcl and Cbc2 are likely to affect retrotransposition by binding to either Tyl mRNA or to 
other cellular mRNAs that affect retrotransposition. Other mutants in the RNA metabolism 
group such as dbrl also had decreased levels of Tyl cDNA, consistent with previous reports 
(Karst et al, Biochem. Biophys. Res. Comm. 268:1 12-1 17', 2000). The hml mutant in this 
group likewise had decreased levels of cDNA (Table 3). In contrast, the remaining four 

30 mutants within the RNA metabolism group had nfcrmal levels of cDNA. 
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We also identified 55 mutants that had normal levels of Tyl cDNA (within a range of 
plus or minus two-fold of the wild type control levels) as judged by Southern analysis. These 
mutants are likely to affect one or more of the "late" steps of retrotransposition that occur 
after the production of cDNA. One of the first steps that must occur after cDNA replication 
is the nuclear localization of the newly-replicated tyl cDNA and integrase. Although it is 
presently unclear as to how the 6 kb Tyl cDNA enters the nucleus, Tyl integrase has a 
nuclear localization sequence that is required for retrotransposition (Kenna et al, Mol Cell 
Biol 18:1115-1124, 1998; Moored a/., Mol Cell Biol 18:1105-1114, 1998). Therefore, 
integrase enters the nucleus using the normal nuclear import machinery. Two known nuclear 
pore mutants, nup84 and nupl33, were identified in our scfeen that might affect this step of 
the retrotranposition cycle. In support of this model, 'the nup84 strain has normal levels of 
cDNA, indicating that it affects a late step of retrotranspostion. The nupl33 mutant has 
increased levels of Tyl cDNA that could, in principle, be caused by the accumulation of 
cDNA in the cytoplasm in the absence of efficient nu&ear transport. Finally, the sin3 mutant 
identified in our study may also affect the nuclear localization of Tyl components, since sin3 
affects the nuclear import step of Tfl retrotransposition in Schizosaccharomyces pombe 
(Dang et al, Mol Cell Biol 19:2351-2365, 1999). 
Table 3. Mutants with altered cDNA levels . 

Strain cDNA level (%BY4743^ Strain cDNA level ( %B Y4743^ 



Control 




Protein Folding/Modification 


BY4743 


.100.0 


4oa4 " 20.1 






mckl 7.1 


Chromatin 




, . nat3 2.9 


ardl 


12.3 




natl 


22.9 


Ribosomes/Translation 


sap30 


28.7 


rpl6a 12.5 


sinl 


20.1 


rpll9b 24.2 


sin4 


22.2 


. rpl20b 16.2 


spt4 


.16.5 


rpslOa 6.1 


sptlO 


15.9 




spt21 


12.0 


. RNA metabolism 


stb5 


14.6 


cbcl . 12.1 






. cbc2 18.4 


DNA repair 




dbrl 18.1 


apnl 


16.9 


hml . 13.6 
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Nuclear transport 




Transcription 


Nupl33 


373.5 


ctkl 10.5 






pop2 :'■ 12.9 


Miscellaneous 




rift 9.4 


beml 


19.6 


rpa49 8.1 




15.5 


ssn2 21.7 


hofl 


5.2 


.. 


jnml 


25.0 


Transcription elongation 


kcsl 


9.9 


thp2 16.6 


mftl 


15.6 








■ Unknown 


numl 


.15.1 


ydr496c 9.1 


patl 


8.8 


yor292c 12.1 


scpl60 


36.3 


. ynl226w 22.3 


sec22 


•14.7 


ynl228w 19.6 


tps2 


18.3 


yoll59c 351.1 


vps9 


41.1 



After entering the nucleus, the cDNA is integrated into chromosomal DNA, primarily 

20 near tRNA genes. Despite the large number of host factors identified in our screen, only two 
factors were identified that affected tRNA gene targeting. A likely explanation for this 
seemingly small number of targeting mutants is that we only examined the non-essential 
yeast genes in our study. Because most of the RNA pol HI transcription factors are encoded 
by essential genes, it is likely that we missed at least some targeting factors by focusing only 

25 on non-essential yeast genes. Additional screens, focused on essential genes, can be carried 
out to identify all of the host factors involved in targeting. 

After cDNA integration, some level of DNA repair is likely to be required at the 
integration site, and perhaps at other sites in the yeast genome, to repair damaged DNA that 
is created during retrotransposition. Four DNA repair mutants were identified in our study. 

30 Three of the DNA repair mutants, mms22, rad52 9 and xrs2, had normal levels of cDNA, and 
therefore, affected late steps of the retrotransposition cycle. Such factors could be involved 
in repairing chromosomal DNA damage at integration sites or elsewhere in the genome. The 
remaining mutant, apnl, had significantly decreased levels of cDNA and thus affected an 
early step of the retrotransposition cycle. The Apnl protein' is an apurinic/apyrimidinic (AP) 

35 endonuclease that cleaves DNA at abasic sites in order to facilitate DNA repair. One 
possible model for Apnl function would be that it is involved in cDNA repair prior to 
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integration. If the cDNA were not repaired properly in an apnl mutant, we believe the 
cDNA would be targeted for degradation. 

Finally, most of the groups of genes listed' in Table 1 contain both "early" and "late" 
mutants. Therefore, none of the groups appears to be devoted to a single step of the 
retrotransposition cycle. Nevertheless, some of the groups have a disproportionate number of 
mutants devoted to either early or late stages of the retrotranspostion cycle. For example, six 
of the seven transcription elongation mutants (elpl, elp2 9 elp3, elp4, elp6, and hill) were 
found to affect the late stages of retrotransposition. All six of these "late" transcription 
elongation mutants could, in principle, affect retrotransposition by affecting the transcription 
of even a single "late" gene. Thus, our screen may have identified groups of genes that are 
involved in other processes (such as transcription elongation) that are necessary for 
retrotransposition. This might help to account for the large jmmber of mutants identified in 
our study. Additional secondary screens and assays will be necessary to identify these 
groups and to determine how such factors work togetiier to influence retrotransposition. 

Although most of the mutants identified in our study retained the ability to target Tyl 
integration to tRNA genes, two of the mutants identified, ritl and ctkl, had diminished levels 
of tRNA gene targeting in our PCR assay. The Ritl protein, which is an ADP-ribosylase, is 
known to modify the methionine tRNA that serves, as a primer for Tyl strong stop synthesis 
during cDNA replication (Chapman and Boeke, Cell 65:483-492, 1991; Astrom and 
Bystrom, Cell 79:535-546, 1994). Therefore, the ritl mutant might have been expected to 
affect cDNA replication. Although the ritl strain appeared to have slightly diminished levels 
of cDNA, the average for the duplicate cDNA measurements was considered to be within the 
"normal" range (70.5% of wild type). An alternative model would be that ritl affects the 
efficiency of methionine tRNA cleavage from the end of the newly-replicated cDNA 
(Lauermann and Boeke, EMBOJ. 16:6603-6612, 1997). If the cDNA lacked the appropriate 
end structure as a result of faulty end trimming in a ritl mutant, it would not be expected to 
serve as a substrate for Tyl integrase, and may not be integrated efficiently into the genome. 
Similar cDNA end mutants have been shown to form multimers that are integrated into the 
genome by homologous recombination rather than by the normal integrase-mediated 
mechanism (Sharon et aL 9 Mol Cell Biol 14:6540-6551, 1994). Thus, by interfering with 
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cDNA end processing, ritl might promote a shift towards integration by homologous 
recombination. 

We also observed a decrease in tRNA gene targeting in the ctkl mutant. Ctklp is a 
protein kinase that is known to regulate RNA polymerase II activity by phosphorylating the 
largest subunit of RNA polymerase II, Rpo21p (Patturajan et al, X Biol Chem. 274:27823- 
27828, 1999). One possible explanation for the diminished targeting in this mutant would be 
that ctkl affects the RNA pol II transcription of a presently unknown host factor that is 
required for efficient targeting. Such factors might include proteins involved in RNA pol m 
transcription, for example. An alternative model would be that Ctklp directly regulates RNA 
polymerase HI activity. Since RNA pol HI transcription, or an associated activity, is required 
for efficient tRNA gene targeting, altered phosphorylation of an RNA pol m subunit might 
be expected to have an impact on Ty 1 integration. 

A comparison of studies using GaUTyl vs. chromosomal donor elements: Scholes 
et al (Genetics 159:1449-1465, 2001) recently identified a large collection of Tyl host 
mutants that had increased levels of Tyl retrotransposition compared to wild type strains 
(Scholes et al, supra). We found little overlap between those Tyl host mutants and the host 
factors identified in our screen. The most likely explanation for this result is that Scholes 
et al screened for mutants with increased levels of retrotransposition using a chromosomal 
Tyl donor element, whereas we screened for mutants mthdecreased levels of 
retrotransposition using a GalrTyl donor plasmid. Decreases might be difficult to detect at 
the already low levels of retrotransposition attained with the chromosomal assay, whereas 
further increases may not be easily achieved at the relatively high levels of retrotransposition 
produced with a Gal-Ty 1 donor plasmid assay. There also were several other technical 
differences between these two studies. 

A number of additional host factors have been identified that affect the Tyl 
retrotransposition cycle (Winston et al, Genetics 107:179-197, 1984; Chapman and Boeke, 
Cell 65:483-492, 1991; Boeke and Sandmeyer, In The Molecular and Cellular Biology of 
Yeast Saccharomyces: Genome Dynamics, Protein Synthesis, and Energetics, Eds. Broach 
et al, pp. 193-261, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1991; 
Rinkel and Garfinkel, Genetics 142:761-776, 1996; Qian et al, Mol Cell Biol 18:4783- 
4792, 1998; Huang et al, Genetics 151:1393-1407, 1999; Curcio and Garfinkel, Trends in 



26 



WO 03/094847 



PCT/US03/14382 



Genetics 15:43-45, 1999; Bolton et al, Mol Cell Biol 9:879-889, 2002). Upon comparing 
our genome-wide screen with these previous studies, we found that most of the factors 
identified in our screen were novel. Because our study was limited to the homozygous 
diploid deletion collection, we did not detect any host factors that were encoded by essential 
genes. We also did not generally detect spt mutants, because we used a GAL1 promoter 
instead of the normal LTR promoter to circumvent most of the spt mutants. Nevertheless, we 
did detect four spt mutants, spt2 9 spt4> sptlO, and spt21 > md all four of these had altered 
levels of Tyl cDNA. Because these mutants did not affect the GAL1 promoter used on our 
Gal-Tyl plasmid, these spt mutants must affect one of the remaining early steps of the 
retrotransposition cycle leading up to the assembly of virus-like particles and cDNA 
replication. 

As expected, we identified the dbrl gene in our screen and observed a decrease in 
retrotransposition that was similar to the decrease reported previously (Chapman and Boeke, 
Cell 65:483-492, 1991). We also identified the pmrl gene in our screen (Bolton et al, Mol 
Cell Biol 9:879-889, 2002). Pmrl is a calcium-transporting ATPase that has been shown to 
influence the production of Tyl cDNA (Bolton et aL,supra). However, pmrl was set aside 
in our study because it did not grow well on YPG medium.containing glycerol as the sole 
carbon source. We used YPG medium as a secondary screen to avoid mutants that could not 
support respiration and thus might not utilize galactose efficiently in our retrotransposition 
assay. A total of 86 strains were set aside for this reason, although only a small fraction also 
had retrotransposition phenoytypes. In the case of pmrl , it appears that this secondary screen 
was too stringent, and led to the elimination of a true positive (Bolton et al, supra). 
However, in most cases, problematic strains were set aside with this secondary screen, and 
such strains often grew poorly on at least one additional growth medium. 

The steady-state levels of Tyl cDNA are altered in many of the host factor mutants: 
We next determined whether the host factor mutants in our collection produced 
normal levels of Tyl cDNA. Because double-stranded Tyl cDNA is produced 
approximately midway through the retrotransposition cycle, it is a convenient measure of 
how far the retrotransposition cycle has progressed in a given mutant. Mutants with 
diminished levels of cDNA would be considered to affect the "early'' steps of 
retrotransposition leading up to virus-like particle assembly and cDNA replication, whereas 



27 



WO 03/094847 PCTYUS03/14382 

mutants with normal levels of cDNA would be considered to affect the c late" steps of 
retrotransposition that occur after cDNA production. 

Interestingly, nine of the ten chromatin mutants examined were found to have 
significantly decreased levels of Tyl cDNA compared to the wild type BY4743 control strain 
(Figure 4A). Therefore, rather than affecting tRNA gene targeting, as we had originally 
postulated (Table 2), most of the chromatin mutants affected the production (or turnover) of 
Tyl cDNA. Upon analyzing all of the mutants in our collection in duplicate by Southern 
analysis, we found a total of 44 strains with decreased, levels of Tyl cDNA (<50% of wild- 
type levels), and two mutants with increased levels of cDNA (>200% of wild-type levels; 
Figure 4 and Table 3). The remaining 55 mutants "had normal levels of cDNA (between 50% 
and 200% of wild type levels; Figure 4 and data not shown): Thus, almost half of the 101 
mutants identified in our study affected the early steps of the Tyl retrotransposition cycle 
leading up to the formation of virus-like particles and cDNA replication, whereas the 
remaining half affected the later steps that occur after cDNA replication. 

A Prophetic Example 

Both Ardlp and Natlp were identified as yeast host factors that affect Tyl in our 
functional genomics screen (described above). Ardlp and Natlp have been found to work 
together as a heterodimer and are known to have protein acetyltransferase activity. One of 
the known substrate targets of the Ardlp/Natlp heterodimer is a histone. Ardlp/Natlp are 
also known to be required for telomeric silencing and silencing at the HML/HMR loci in 
yeast, and, in addition to the Tyl phenotype mentioned above, also have several other known 
phenotypes. Human homologs of Ardlp and Natlp have been identified (see the tables and 
figures herein). 

Researchers can use existing chemical or drug libraries to screen for compound that 
bind to Ardlp and/or Natlp, which may be produced in .an -expression system (e.g., E. colt) 
using a plasmid designed for that purpose. Tagged versions of these proteins could also be 
produced and used in conjunction with affinity chromatography columns that bind 
specifically to the tag for the purpose of purifying such proteins (GST or nickle columns, for 
example). Ardlp and/or Natlp could also be expressed in a variety of other in vitro and 
in vivo systems such as: an in vitro transcription or translation system; an expression system 
in a vertebrate, such as the S V 40 promoter on an Ebi;a/Orip vector; an expression system in 
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insect cells, such as the Bacculovirus system; an expression system in yeast; etc. 
Ardlp/Natlp also could be purified from cells as a native complex using biochemical 
techniques such as chromatography. 

The purified proteins could be used to screen for compounds that bind to the protein. 
5 For example, the purified protein could be attached to a solid matrix in a multiple well 

format, and compound libraries could be screened for binding (one compound being tested 
per well). By using such high throughput methods, libraries of compounds could be 
screened. Alternatively, a protein could be exposed to a mixture of compound and those that 
were bound could be recovered and identified using methods known in the art, such as mass 
1 o spectroscopy or NMR. 

The proteins expressed as described above could also be used to generate antibodies 
that specifically recognize host factors. Should those antibodies be administered to human 
patients, they can be humanized. 

The proteins expressed as described above could also be used to screen for 
15 comjpound that inhibit Ardlp and/or Natlp acetyltransferase activity in vitro or in vivo. 
Alternatively, yeast strains containing intact Ardlp and Natlp could be used to screen for 
compounds that inhibit Ardlp/Natlp acetyltransferase activity. Such strains could also be 
used to screen for compounds that interfere with known, phenotypes of Ardlp and/or Natlp. 
Such screening could be done in conjunction with strains in which these genes have been 
20 deleted to confirm that Ardlp and/or Natlp are the targets of such compounds. 

An alternative approach is to introduce human homologs of Ardlp and/or Natlp into 
yeast and screen for compounds in yeast that inhibit the human activities, including 
acetyltransferase activity and/or interference with telomeric. silencing or other known 
phenotypes. 

25 Murine homologs of these genes are also known and similar screens could be carried 

out with those homologs. 

Once a compound has been identified, the compound can be tested for activity against 
a retrovirus. These tests can include applying the compound to human cells before or after 
the cells are infected with (or exposed to) a retrovirus. Viral titers could be measured using 

30 any method available in both treated and. untreated coitfiols. • 
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Upon identifying a compound that inhibits* viral infection or replication, analogs of 
such compounds (e.g., analogs bearing different R groups) could be made and tested for 
enhanced activity or decreased clinical side effects'. Antibodies could be optimized for 
application to humans. 

A number of embodiments of the invention have been described. Nevertheless, it will 
be understood that various modifications may be made without departing from the spirit and 
scope of the invention. Accordingly, other embodiments are within the scope of the 
following claims. 
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WHAT IS CLAIMED IS: 

1 . A method for identifying an antiviral compound, the method comprising: 

(a) exposing a first cell that expresses a host factor to a candidate compound; 

(b) determining whether the candidate compound inhibits the expression or activity of 
the host factor in the first cell," wherein a candidate compound that inhibits the expression or 
activity of the host factor in the first cell is a potential antiviral compound; 

(c) exposing a second cell to the potential antiviral compound and a retrovirus; and 

(d) determining whether the potential antiviral compound inhibits the ability of the 
retrovirus to infect or replicate within the second cell, wherein a potential antiviral compound 
that inhibits the ability of the retrovirus to infect the second cell is an antiviral compound. 

2. The method of claim 1, wherein the first cell or the second cell is a cell in vivo. 

3. The method of claim 1, wherein the first cell or the second cell is a cell in cell 

culture. 

4. The method of any of claims 1-3, wherein the first cell is a yeast cell. 

5. The method of any of claims 1-3, wherein the first cell is a bacterial cell. 

6. The method of claim 5, wherein the bacterial cell is an E. coli cell. 

7. The method of any of claims 1-3, wherein the first cell is a mammalian cell. 

8. The method of claim 7, wherein the mammalian cell is a human cell. 

9. The method of claim 1, wherein the first cell or the second cell is a cell of an 
established cell line. 

10. The method of claim 8, wherein the second cell is a T lymphocyte. 
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11. The method of any of claims 1-3, wherein the first cell and the second cell are 
cells of the same type. 

12. The method of any of claims 1-3, wherein the host factor is an N-terminal 
acetyltransferase, a histone deacetylase, a histone acetyltransferase, a chromatin factor, 
inositol hexakisphosphate kinase 3, a high density lipoprotein binding protein, a proton pump 
in clatherin-coated vesicles, a Rab5 GDP/GTP exchange factor, cyclophilin D, a 
serine/threonine kinase, ubiquitin specific protease 8; a heat shock protein, an RNA helicase, 
a ribosomal protein, a nuclear cap binding protein, an RNA lariat debranching enzyme, an 
Lsml protein, a nuclear cap binding protein subunit 1, a 5-methylaminomethyl-2- 
thiouridylate-methyltransferase, a Ctkl kinase, a transcription elongation factor or an 
apoptosis inhibitor, an RNA polymerase II elongator subunit, or an RNA polymerase II 
associated protein. 

13. The method of any of claims 1-3, wherein the host factor is a yeast host factor 
listed in Table 2, or a biologically active mutant or fragment thereof, a human host factor 
having an amino acid sequence represented by one.of SEQ ID NOs.:l-501 .or a biologically 
active mutant or fragment thereof. 

14. The method of claim 13^ wherein the host factor further comprises an affinity tag, 

15. The method of any of claims 1-3, wherein the candidate compound is an 
antisense oligonucleotide or an siRNA. 

16. The method of any of claims 1-3, wherein the candidate compound is an 
antibody. 

17. The method of any of claims 1-3, wherein the candidate compound is a small 
molecule. 
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1 8. The method of claims 1-3, wherein the retrovirus is a human immunodeficiency 
virus (HIV). 

*. 

19. The method of claim 18, wherein the HIV is HIV-1 or HIV-2. 

20. The method of claim 1, wherein the retrovirus is a simian or feline 
immunodeficiency virus (SIV or FIV, respectively) or a human-simian chimeric virus 
(SHIV). 

21. The method of claim 1, wherein the second cell is exposed to the potential 
antiviral agent before being exposed to the retrovirus.' 

22. The method of claim 1, wherein the second cell is exposed to the potential 
antiviral agent after being exposed to the retrovirus. 

23. A method for identifying an antiviral compound, the method comprising: 

(a) exposing a host factor to a candidate compound; 

(b) determining whether the candidate compound binds to or inhibits the expression 
or activity of the host factor, wherein a candidate compound that binds to the host factor or 
inhibits the expression or activity of the host factor is a potential antiviral compound; 

(c) exposing a cell to the potential antiviral compound and a retrovirus; and 

(d) determining whether the potential antiviral compound inhibits the ability of the 
retrovirus to infect the cell, wherein a potential antiviral compound that inhibits the ability of 
the retrovirus to infect the cell is an antiviral compound, 

20638731.doc 
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Figure 1. 
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Figure 2. 
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Figure 3. 
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Human homologs of Tyl host factors 

(protein sequences and associated GenBank accession numbers) 

Ap15p (11 sequences) 
1. 

Apl5p human (01) AAC51761 

malkmvkgsidnnfdknlqdlvrgi^^ 

evmsaskftfkrigylaasqsfhegtdvimlttnqirkdlsspsqyd^ 

yirkkavlimykvflkyp^ 

iiklfgaltpleprlglddiepltni^ 

ylgllamskilk&pksvqstadinqd 

idicsqsnyqyitnfewyisilveltrte 

vlyaaawicgefsehlqephhtleamkprvttlpghiqavyv^^ 

vqsadlevqerascilqlvkhiqklqakd^ 

pravfheeeqnpkhipseadeeelamearkqeqannpfyi^ 

sdq^UeeerrhrqklekdloTkkrkekekkgk^sslptesdedia 

aldidldkpladseklpiqkhmtetskspekdvpmvekkskk^ 

kekeertkglddcskkqppgseea^^ 

ilkgmelsvldstaannarpqgssvhdgvpvpfqlpp 

hfscssylittpcysdafaWlesgdlsmssi]^^ 

kkgensvsvd^ccsdstllsnlleemkatlakc (SEQ ID NO:5) - 



2. Apl5p human (02) AAH10065 
malkmvkgsidimfdlailqdto 
evmsaskftfkrigylaasqsfheg^ 
yirkkavlimykvflkypes 

iiUfgaltplgprlgkkUepltnlihstsamsllyecvntviavhslssgmpnhsa^ 

ylgUamslrilkthpksvqshkdlilqclddkdesir^ 

idicsqsnyqyitnfew^ 

vlyaaawicgefsehlqephhtleamlrprvttlpghiqavyvqnvyklyasi 
vqsadlevqerascilqlvldiiqWqaktfvpvae^^ 
pravfheeeqrrpkhrpseadeeelamearkqeq^ 
sdqyvkleeerrhrqklekdkr (SEQ ID NO:6) 



3. Apl5p human (03) AAC34212 

alQdsqcideikqelkqdniavkanavckltylqmlgydiswaaMievms 

tnqkkdlsspsqydtgvaltglscfvtpdlardlandimtlmshtkp^ 

edpdpgvqsaavnvicelannpknylslaplff^ 

msllyecvntviavlislssgnipnhsasiqk^^ 

desMraldllygmvsklailmei^^ 

hghUaaqmldvairvkakkfavsqm 

tlpghiqavyvqnwMyasilqqkeqageaegaqavtqlmvdrlpqfyqsadlevqerascilqlvk^ 

Figure 4" 
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aeevsalfagelnpvapkaqldcvpvpe^ 

kqeqaimpfyiksspspqkryqdlpgvehipw^ 

gtahsslptesdediapaqqvdivteempend^^ 

dvpmvekkskkpkkkekkhte^ 

ngapeeeqlppessysllaensyvkmtcdk^ 

vpfqlppgvsneaqyvftiqsivmaqklk^^ 

kvdginnsfqnllakicfhhhfe^ 

c(SEQIDN0:7) • 



4. Apl5p human (04) AAG35473 
msaskft^gylaasqsfhegtdvimlto^ 
rkkavlimykvflkypeslipa^ 
klfgaltpleprlgWdiepltnl^ 
gllamskillWhpksvqshkdU^ 
icsqsnyqyitnfewyisilveltrleg^ 
yaaawicgefsehlqephhtleamliprv^ 

sadlevqerascilqlvkhiqklqakdvpvaedfvhccyel (SEQ ID N0:8) 

5. Apl5p human (05) NP_003929 
mafkmvkgsidrmfdknlqdlvrgii^ 
evmsaskftflaigylaasqsflhe^^ 

yirkkavliepltalihstsamsllyecvntviavlislssgmpnhsasiqlcvqkW 
kthpksvqshkdlilqclddkdesirk^ 

itnfewyisilveltrlegtrhgUiaaqmldvairvkakkfavsqmsalldsahU 

fsehlqephhtleamliprvttlpgWqavyvqnwklyasilqqkeqageaegaqavtqlm^^ 

ascilqlvldiiqklqakdvpvaeevsalfage^^ 

ipkhipseadeeelamearkqeqa^ 

rhrqklekdkrrlda'kekekkgkiThsslptesdediapaqqvdi 

dseldpiqkhmtetskspekdvpmvekte^ 

\^stdecedakteaqgeeddaegqdqdkkspl^kkkkhrkekeertkgk^ 

ppessysllaensyvkmtcdirgslqedsqvtvaM 

sneaqyvffiqsivmaqklkgflsfiaknd^ 

qnUalricfhl&fswervdscasmysrsiq^ (SEQ ID 

N0:9) 



6. Apl5p human (06) AAC34214 

akyisqcideikqelkqdniavkanavck^ 

tnqkkdlsspsqydtgvaltglscfvtpdlardl^ 

avlislssgmpnhsasiqlcvqkMliedsdqnlkylgllamskiM 

ygmvskknlmeivldclmthvdkaegttyrdeUtki 

airvkdrkfavsqmsalldsaMlasstqmgice^^ 

nvvklyasilqqkeqageaegaqavtqlmvcklpqfvqsadlevqerascilqlYkhdq 
npvapkaqkk^vpegldldawineplsdse^^ 
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sspspqkryqdtpgvehipw 

dediapaqqvdivteempenalpsdeddkdpnd 

pkkkeWdikekerdkek^ 

p]ddkhrkekeertkgkkksl<kqppgse 

vlenrsssilkgmelsvldslnarmarpqgssvM 

ekldfrthfscssylittpcysdafakUesg^ 

hvcllvkkgensvsvd^ccsdstllsnlleeinkatlakc (SEQ ID NO: 10) 



7. Apl5p human (07) A1G1JHUMAN 

mpapirkelirtirtartqaeeremiqke^ 

dloigyigamlllderqdvhllmtncikndliihstqfvq 

avhvirkvpelmemflpatknlbelaihgvlhtswlltem 

sdpflqvrikllrilgradddsseamndilaqvatnteteknvgnail^^ 

dkniiyvaltsllktvqt(to 

asgiflaaekyapskmhidtiimvlttagsyvrddaypnK 

geygdllvsgqceeeepiqvtedevldlesvlisnmstsvtrgyaltaimWs^ 

qraveynalflckydhmrsallenn^ 

iptaptskpssaggellcUlgdinltgapaaapapas^ 

fersntnpsvtvitiqasnsteldmtdfvfqaaypktfqlqUspssa 

nhkgsamqdlaevnnfppqswq (SEQ ID NO: 11) 



8. Apl5p human (08) NP.001 119 
mpapirkelirtirtartqaeeremiq^ 

dloigylgamUlderqdvhllmtncikndlnhstqfvqglalctlgcmgssemc^^ 

avhvirkvpelmemflpatknllneknhgvlhtswlltem 

sgisdpflqvrilrlMlgmdddsseanmdilaq 

hmdl^ryvaltsllktvqtdhnavqrlra^ 

adcasgiflaaekyapsknvWdtimrvlttagsyvrddavpn^ 

wcigeygcUlvsgqceeeepiqvtedevldilesvH^ 

elqqraveyndfldcydhmrsallennpvmekvttngpteivqta^ 

tpviptaptslq>ssaggelldllgdiii%^ 

eflfersntnpsvtvitiqasnsteldmtdfVfqaavpktfqlqU^ 

ItyiMgsamqdlaevmifppqswq (SEQ ID NO: 12)' 



9. Apl5p human (09) XP.058218 

mpapkkehrtirtartqaeeremiqkeraaira 

dkrigylgamlUderqdvhllm^ 

avhvkkvpelmemf^ 

sgisdpflqvrikllrilgmdddsseanm 

lnndknijyvaltsllkt^ 

adcasgiflaaekyapskiwhidtimi^lttagsywddavpnl^ 
wcigeygdUvsgqceeeepiqvtedevldilesvUsimistsvtrgyaltaitn^ 
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elqqraveynalflcky^ 
tpviptaptskpssaggeUdUgdin^ 
eftfersntnpsvtvitiqasnsteldmt^ 
ltynhkgsamqdlaevnn§)pqswq (SEQ ID N0:13) 



10, Apl5p human (10) CAA72902 
mpapklrelirtirtartqaeerem^ 
dl^gylgairdllderqdvhllm 
avhvkkvpelmemflpatlai^ 

sgisdpflqvriMWlgmdddsseaimdilaqvatntetsknvgndlyetvlto 
hmdkniryvdtsllktvqtdhn^ 

adcasgiflaaekyapskmMdtimrvlttagsyvrddavpnUqUte 

wcigeygdllvsgqceeeepiqvtedevldilesvlisn^^ 

elqqraveynalfkkydhim^ 

IpviptaptskpssaggelldUgdinltgapaaapapasvpqis^ 
eftfersntnpsvtvitiqasnstelchntdMqaavpktfqlqllspsss 
ltynhkgsamqdlaevimfppqswq(SEQ ID N0:14) 



11. Apl5p human (1 1) AAC67390 

mvvpslklqdUeekgaktqaqereviq^ 

tdJargylgamlllderhdaUhtasikndlsqgi^ 

t avlmii rkvpdssvflppcaqH^ 

vsdpflqvqiMMlgrnheessetmndUaqva^ 

sdrniryvaltslMvqsdhsa 

cdsgillaaerfapttrwhidtilhvltsagthvrddaaghtltqliggaqe^ 
cigeygdUlagnceeieplqvdeeevlallekvlqshmslpatrgy^^ 
lqqraveydtlfrkydhmraailelanplverd^ 
pphldpspggalvhlldlpcvppppapipdl]^ 
espaaaagpqwehssssgwpsyhpalqnpqs (SEQ ID NO: 15) 



Ardlp fl sequence) 



12. Ardlp human NP_003482 

nmimaipedlnmmqhcnllclpenyqmky^ 

krshrrlglaqklmdqasramienfh^ 

rrhlelkekgrhwlgaienkveskgpsppssgeacreekglaaedsggdskdlsevsette (SEQ 
IDNO:16) 



Cbc2p (11 sequences) 



Figure 4 



WO 03/094847 PCT/US03/14382 

. 8/107 

13. Cbc2p human (01) XP_028279 
msggllkaksdsyvelsqyrdqhfrgdn^ 
cgfcfveyysradaenamryingtrlddriirtdwdagfkegrqyg^ 
(SEQIDNO:17) 



14. Cbc2p human (02) NP_031388 
msggllkatadsyvelsqyrdqhfirgdneeqekllkksctlyvgnlsf^ 
cgfcfveyysradaenamrykgtrlddriirtdwdagfkegrq 
(SEQE)NO:18) 



15. Cbc2p human (03) P52298 
msggllkalrsdsyvelsqyrdqhfrgdneeqeklMsctlyvgnls^ 
cgfcfveyysradaenamryingtrlddriirtdwdagfkegrqyg^ 
(SEQIDNO:19) 



16. Cbc2p human (04) 137222 
msggllkalrsdsyvelsqyrdqhfirgdneeqeldlkksctlyvgnlsfy^ 
cgfcfveyysradaenamiTingtrlddriirtdwdagfkegrqygrgrsg 
(SEQIDNO:20) 



17. Cbc2p human (05) CAA58962 
msggllkaksdsyvelsqyrdqhfrgdneeqekllldcsctly^ 
cgfcfveyysi^aenamryingM^ 
(SEQIDN0:21) 



18. Cbc2p human (06) AAH01255 
msggllkalrsdsyvelsqyrdqhfrgdn 
cgfcfveyysradaenamryingtrl^^ 
(SEQE)NO:22) 



19. Cbc2p human (07) 1582342 • 
msggllkaksdsyvelsqyrdqhfrgctaee^^ 

cgfcfveyysradaenamryingfr^^ 1 
(SEQEDNO:23) 



20. Cbc2p human (08) CAD19101 
lscyrdhqfsgrkfqqeMlkesstlmngnlsfytteekihelfsrs^ 
mrfltgtcldewiictdwdvgfregqqygrgksggq (SEQ ID NO:24) • 
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21. Cbc2p human (09) 15988386 
dqhfrgdneeqekllkksctl^ 
gtrlddriirtdwdagfk (SEQ ID NO:25) 



22. Cbc2p human (10) 20151224 
dqhfrgdneeqeWUdcsctlyvgnls 
gtrlddriirtdwdagfk (SEQ ID NO:26) 

23. Cbc2p human (11) 20151225 
dqhfrgdneeqekllkksctlyvg^ 
gtrlddriirtdwdagfk (SEQ ID NO:27) 



Cor7p (5 sequences) 



24. Cpr7p human (01) NP_005029 

mshpspqakpsnpsnpivffdvdiggei^grivlelfadivpktaenfia 

nriqggdfsnqngtggesiygekfedenfhykta 

Uenvevkgel^aMcviaecgelkegddggiip^^ 

maikkyaevl^dsskavietadraldqpialscvlnigacklto 

keydqaladMaqgiapedkdqaellkvkqldkaqkdkekavyakmfe (SEQ ID NO:28) 



25. Cpr7p human (02) AAH01 555 

mgikvqrprcffdiainnqpagrvvfelf^^ 

egngrggesiyggffedesfavkhnkefUsmamgkdtngsqfBttk^ 

aaskpfaevrilscgeUpkskvkkeeldahkssssssssssdsdsssdsqsssdssdsesateekskkr^^ 

hkkekkkrkkskksasseseaeiJ 

qirllvtrsgrldkgrgpiYgds^rdlhniafvflk (SEQ ID NO:29) 



26. Cpr7p human (03) A47328 

mgensvalggpawgnxrevsgvgvwlqwqcflf^ 

qlfsdicpktcknflclcsgekglgl^ 

fllsmairglditngsqffi^^ 

kkrkkpthsegsdsssnsssssesssesel^^ 

elasvdssakrekpvvipeeippvpenrffc 

srscsesddddssetpphwkeemqrlrayippsgekwskg^ 

hldcrrkekkvldik]&^ 

vqsslthssrdsyrskshsqsysrgssrsrtaskssshsrsrste^ 
atmaqnenvw^waenipviplsdspppsiwkpgekpwkpsyeriqemk 



Figure 4 
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reknsesdqstyskysckssessprsrsrs^^ 

issddgiratolrssgldcnsvshkkhssssektlhsk^ 

kqgqmerthnkqeknrgeekskserecphsldcrtlken^ 

ssdkeegeatsdsesevseihikvkptfksstntslpddngawksskqrtstsd^ 

rehtkkvkeklkgldcdkkhkapkA^ 

s^dtvtvssdldqflkddsklsisptalnteenvaclqniqhveesvpngvedvlqM 
plgnarldtpdinivlkq^ 
kplqgvgnlaapnaatssavevk\4ttvpei^^ 
ddsqsrspsrsrsksetksrhrtrsvsyshsrsrsrsstssyr (SEQ ID NO:30) 



27. Cpr7p human (04) NP_005376 

mgaqdipqchfdieiiirepvgrimfqlfsdiq)ktcknfl 

gngkggesiyggyfkdenfilldidraffl 

asipyadvrvidcgvlatksMvfeklak^ 

eassseeprnkhamnpkghsersdtnekrs^^ 

dqkpsvsksgrkikgrgtiryhtpprsrscs^ 

slsqrsrswsyngyysdlstarhsgbhk^ 

rerssrssslsshhsskrdwsksdkdvqsslthssrdsjTskshsqsysrgssrsrta^ 

krasksprktasqlsenkpvktepkatmaqnenvwqpvvaenipviplsdspppsw 

ktthllpiqstyslaniketgssssyhlaelmsesdqst^^^ 

spssrshsnikysdhsqcsrsssytsissddgrr^ 

srssldyssdseqssvqatqsaqekekqgqmerthnkqel^ 

agskwdsesnserdvtknslmdshpssdke^^ 

egscsnsemirglq)qkhkhgskenlkrehtkkvke]dkgl^ 

skekkvseimetikdnilkteksseedls^ 

dvlqtddimeictpdrespakveetsplgnarM 

lasagestgldcevaeksqinlidkkw^ 

vrktarlnnpmqesssdeqtpsrdddsqsre^ 

wysrgrtrsrsssyreykshrtssrsrsrsssydphsrsrsytydsyysrsra 

sdsesdrsyshhrspsessrys (SEQ ID NO:31) 



28. Cpr7p human (05) NPJ304783 

mgikvqiprcffdiaiimqpagrwfelfsdvcpktcenfrclctgekgtgkstq 

egngrggesiyggffedesfavkhnkeflte^ 

aaslqrfaevrilscgeHpkskvkkeeto 

hkkekklakkskksasseseaenleaqpqstvrpeeippipenrf^ 

qrrllvtrsgrkikgrgprryrtpsrsrsrdrfasetpp^ 

vkerkitdhmvsespmlmekekk^ 

eeknnrsrskgrdhenvkekekqsdskgkdqersrskekskqlesksne^ 
rtrersrsrdrsnvrsrthdrdrsrskeyhryreqeym 
kdkymqesksshrkenseseknnysk^^ 
enqkskgqendhvheknkkfdhesspgtdedksg (SEQ ID NO:32) 



Figure 4:. 
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29. Ctklp human (01) BAA74927 
sssrsrhssispwlplnsslgaelsrkkkeraaaaaaakmdgkes 
plpsrksmksi^paysrhssshskklasssrsrl^ 
flprkenssveakdsgleskklprsvkl^ 
ialkeeivtpketetseketppplptiaspp 
psthsktsavssqansqppvqvsvktqvsvtaaiphto 
ltdlplppelpggdlsppdspepkaitppqqpykl^^ 
dkdtgelvalldcvrldneke^^ 
sglvhfsedhiksfoikqlmegte 
lllgeerytpaidvwscgcilgelftl^ 
fsfipsaaldUdlmiltldpskrctaeqtlqsdflkdvelskmappdlphw 
srkettsgtstepvknsspappqpapgkvesgagdaigladitqqlnqselavllnl^ 
mqqqlealnqsisalteatsqqqdsetmapeeslkeapsapvilps 
sleennsdknsgpqgprrtptmpqeeaagrsnggnal (SEQ ID NO:33) 

30. Ctklp human (02) NP 057591 
mpnserhggldcdgsggasgtlqpssgggssnsrerhrlvskhkrhkskhsk(to 
dtfsddmafJddirendOTgsdrsfr 
ygkaqvakssskesrssklhkektrto 

sygqdydlspsrshtsmydsykkspgstsrrqsvsppykepsayqsstr^ 

grepspygnrssspflskrslsrsplpsrksi^ . 

rkkkeraaaaaaakmdgfceskgspvflpA^ 

vMdenseldilvkdlkaqgtrdskpialked 

pqqpplppsqpafsqvpasststlppsthsktsavssq^ 

dmdspketipskpvkkekeqrtrMl^^ 

krcvcMdiigiigegtygqvykardkdtgelvalkkvrldneke^ 

dfkkdkgafylvfeymdh^ 

arlynseesrpytnk^tlwy^^ 

pdviMpyfiitmkpkkqyrrrkeefefipsaaldUdhmlfld 

elwskkrrrqrqsgvweepppsktsrkettsgtstqjvknsspappqpapgk^ 

nUqsqtdlsipqmaqllnihsnpemqqqlealnqsisdteatsqqqdsetm^ 

stpadmqnilavllsqlmktqepagsleermsdknsgpqgpiTtptapqeeaaacppW 

plvegdlssapqelnpavtaallqllsqpeaepp^ 

alteslvqtlvlautfsgslsMgesssyqg^ 

gelgpgttgasssgaglhwggptqssaygldyrgptrvpprg^grgvpy (SEQ ID NO:34) 

* 

31. Ctklp human (03) Q9NYV4 
mpnserhggldcdgsggasgtlqpssgggssns^ 
dtfsddmafkldrrenderrg^ 

ygkaqvakssskesrssklhkektrkerelksghkdrskshrkret^ 
sygqdydlspsrshtssnydsykkspgstsixqsvsppykepsayqsslispspysnrqrsvspysm^ 
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grspspygrrrssspflskralsrsplpsrksmksrsrspaysA^ 

rkl^eraaaaaaakmdgkeskgspvflprkemsveakdsgleskklprsvM 

vkldensekhlvkdlkaqgtrdskpiaft^ 

pqqpplppsqpafsqvpasststlppsthsktsavssqara 

dmdspketlpskpvkkekeqr^ 

krcvdkfdiigiigegtygqv^^ 

dfkkdkgafylvfeymdhdl^ 

arlynseesrpytokvitlwyrppelUgeerytpaidvwscgci^ 

pdviklpyfhtmkpMcqyr^^ 

elwsklOTqrqsgvweepppsktsrkettsgtstepvknsspappqpap 

nllqsqtdlsipqmaqlliiihsnpemqqqleakqsisalteatsqqqdsetmapeeslk^ 

stpadmqmkvUsqlmktqepagsk^ 

plvegdlssapqelnpavtaaUqUsqpeaeppgftlpte 

alteslvqtlvlairtfsgsls^^ 

gelgpgttgasssgaglhwggptqssaygldyrgptrvpprggrgrgvpy (SEQ ID NO:35) 

32. Ctklp human (04) AAF36401 

mpnserhggkkdgsggasgtlqpssgggssnsrerhrlvskhto^ 

dtfsddmafkldrrendeirgsdrsdrlhkhrhhqhrrsrdll^ 

ygkaqvakssskesrssldhkektrkerelksgl±drskshrkretpksy 

sygqdydlspsrshtssnydsykkspgstsiTqsvsppykepsayqsstfspspysirqrsvspysm^ 

grspspygrrTssspflskrslsrsplpsrks^ 

rkkkeraaaaaaakmdgkeskgspvflp^ 

vkldensekhlvkdlkaqgtrdskpialkeeh^^ 

pqqpplppsqpafsqvpasststlppsthsktsavssqansqppvqvsvktqvsvtaaiphto 

dmdspketlpskpvkkekeqrlxhH^^ 

krcvcMdiigiigegtygqvykardkd^ 

dfkkdkgafylvfeymdhdlm 

arlyiiseesrpytnkvitlwyrppelUgeerytpaidvwscg 

pdviMpyfetmkpkkqyrrrlreefsfipsaaldlldhm 

elwskl^qrqsgvweepppsktsrkettsgtstepvknsspappqpapg^ 

nllqsqtdlsipqmaqllnihsnpemqqqlealnqsisalteatsqqqdsetmapeeslkeapsapvil^ 

stpadmqnilavllsqlnilctqepagsleennsdk^gpqgprrtpta 

plvegdlssapqelnpavtaallqllsqpeaeppgMpheh^ 

alteslvqtlvknrtfsgslsMgesssyq^ 

gelgpgttgasssgaglhwggptqssaygklyrgptrvpprggrgrgvpy (SEQ ID NO:36) 



33. Ctklp human (05) Q14004 

mlpedkeadskgnisvkavkkevek^ 

idwgklcvdkfdiigiigegtygqvyk^ 

edaldfkkdkgafylvfeymd^ 

dfglarlysseesipytnkvitlwyrppeUlgeerytpaidvwsc 

pavwpdviklpj^tmkpkkqyrrkkeefvfi^ 

kivmsygvkseedrsrwa (SEQ ID NO:37) 
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34. Ctklp human (06) AAA58424 

mlpedkeadsfrgnisvkavkkevekklrcUa^ 

idwgjdcvdldfdugugeg^ 

edaldfkkdkgafylvfeym 

dfglarlysseesipytnkvitlwyrppeU^^ 

pavwpdviklp^tmkpkkq^ 

kivmsygvkseedrsrwa (SEQ ID NO:38) 



35. Ctklp human (07) A38197 

mlpedkeadshgnisvkavkkevekMrclladlplppelpggddlskspeekfcW 

idw^cv(Mdiigiigegtygqvyk^ 

edaldfkkdkgafyvafeymdhdhngUesglv^ 

dfglarlysseesipytnkvitlwyrppelllgeerytpaidvwscg^ 

pavwpdviMpyfotmkpkkqyrrklreefvfipa 

kivmsygvkseedrsrwa (SEQ ID NO:39) 



36. Ctklp human (08) NP_1 12557 

mpsssdtalggggglswaekrleen-krrrflspqqppUlpllqpqUqpppppppllflaapgtaa^ 
fspgpplevkrlarglaTaggrqkmgprag 

gasaataataaggtggsggspasssgtqn-gegsenprrdrrsssg^erhrehmdg 

eraevaksgsssssggiTksasatssssssrkdrdskahrs^ 

grddspvshrasqshsrkspspagggsspysrrlpi^spysr^^ 

pvlrrsgksrsrspyssrhsrsmhrlsrsrsrhssispsti^ 

eaaakaakasntstptkgntetsasasqtnhvkdvkkikiehapspssggtlto 

avivgkesksaatkeesvslkektkpltpsigakekeqhvalvtstlpplplppml^ 

kbclladlplppelpggddlskspeekktttqlhslaipkicgprygetke 

kardkdtgemvalkkv^^ 

llesglvhfhenhiksfmr^^ 

ppelllgeerytpaidvwscgcilgelftl^ 

reefvfipaaddlfdymlaldpskrctaeqalqceflrdvepslanpppcU^ 

kaprkdlslglddsrtntpqgvlpssqlksqgssnvapgekqtdpstpqqesskplggiqpssqtiqpto 

safavlltqhkaqqskqkdvlleerengsj^easlq^^ 

ppeppepppvteedldyrtenqhvpttsssltdphagvkaallqto 

sssfssapyvsndglgsssapplerrsfij^sdiqsldnystasste^ 

gdkdhrfeyshgpiavlaassdpstgpesthplpaki^ 

ststgrgrgrglpy (SEQ ID NO:40) 



37. Ctklp human (09) CAC10401 

mpsssdtdggggglswaekrleerrknrflspq^ 

fspgpplevkrlargkn-aggrqkm^ 

gasaataataaggtggsggspasssgtqnrgegserrpnrdnrsssgrskerhreh^ 
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emevaksgsssssggrrksasatssssssrkdrdskahrsrtksskeppsaykq)pkayre 

grddspvshrasqslrsrkspspagggsspysirlprspspysmspsysrhgsyerggdvspsp 

pvlrrsgksrsrspyssrhsrsrsrhrlsr^^ 

eaaakaakasntstptkgntetsasasqtnhvkdvkkikieKapspssg^lk^ 

avivgfcesksaatkeesvslkekt^ 

kkclladlplppelpggddlskspeekktttqlhstepldc^ 

kardkdtgemvalkkvrldnek^ 

Uesglvhfhenhiksfmrqlmeg^ 

ppelUgeerytpddwscgcilgelflldq)ifqanqelaqleUsricgspq)avw^ 
reefvfipaaaldlfdymlaldpskrctaeqalqceflrdvepskmpppdlp 
kaprkdlslglddsrtntpqgvlpssqlksqgssnvapgekqtdps^qqesskplggiqp^ 
safevlltqlikaqqskqkdvlleeren^^ 

ppeppepppvteedldyrtenqhvpttsssltdphagvkaallqllaqhqpqddpkreggidy 
sssfssapyvsndglgsssapplerrsfigpsdiqsldny^^ 
gdkdhrfeyshgpiavlanssdpstgpesthplpakmhnynyggnlqenpsgpsl^ 
ststgrgrgrglpy (SEQ ID N0:41) 



38. Ctklp human (10) NPJ)Q3709 
mpsssdtalggggglswaekrleeirknrflspq^ 
fspgpplevkrlargkrraggrqloTrgpragqeaelflrvfslp^ 
gasaataataaggtggsggspasssgtqregegsenpr^^ 
eraevaksgsssssggrrksasatssssssrkdrdskahrs^ 
grddspvshrasqsksrkspspagggsspysrrlpr^ 
pvlrrsg^rsrspyssrhsm 

eaaakaakasntstptkgntetsasasqtnhvkdvkkikiehap^ 

avivgkesksaatkeesvslkektkpltpsigakekeqhvalvtstlpplplppmlped^ 

kkclladlplppelpggddlskspeekktttqlhskrrpldcgprygeft^ 

kardkdtgemvalWcvrldnete^ 

UesglvhfhenhiksfhHqlm 

ppelUgeerytpridvwscgcilgelfU^ 

reefvlipaaaldlfdymlaldpskrc^ 

kaprkdlslglddsrtntpqgvlpssqlksqgssnva^ 

etqqqlnkinlpagilatgekqtdpstpqqesskplggi^ 

vUeerengsf^easlqhpppepstpvsgqddHqhqdm^ 

nqhvpttsssltdphagvkadlqllaqhqpqddpkreggidy 

pplerrsfignsdiqslctaystasshsggppqpsafsesl^ 

sdpstgpes%lpakinhnynyggnlqenp (SEQ 
IDNO:42) 

39. Ctklp human (1 1) CAC10400 
mpsssdtalggggglswaekrleen-km^ 
fspgpplevMarglCTraggrqkm^ 
gasaataataaggtggsggspasssgtqrrgegsenpn:^^ 
eraevaksgsssssggiTksasatssssssrkdrdskahrsrtksskeppsaykeppkay^ 
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gjddspvshrasqslmkspspagg 

pvlrrsgksrsrspyssrhsrsrsrhr^ 

eaaakaakasntstptkgntetsasasqtnhvkdv^ 

a\dvgfcesksaatkeesvslkektJq)ltp^ 

kkcUadlplppelpggddlskspeekktttqlhskrrpkicgpryge& 

kardkdtgemvalkkvrldn^ 

Uesglvhfhenhiksfoirqlm^ 

ppelUgeerytpaidvwscgcilgelfi^ 

reefvfipaakdlfdymlaldpsk^ 

kaprkdlslglddsrtntpqgvlpssqlksqgssnvapvta^ 

etqqqlnkinlpagilatgekqtdpst^^ 

vlleerengsgheaslqlipppepstpvsgqddU^ 

nqhvpttsssltdphagvkaallqllaqhqpqddpkreggidyqagdtyvstsdykdnfgsss 
pplensfignsdiqsldnystasshsggppqpsafsesip^^ 

sdpstgpesthplpalonhnynyggnlqenpsgpsli^ (SEQ 
IDNO:43) 

40. Ctklp human (12) NP_001252 

makqydsvecpfcdevskyeklakigqg^gev^ 

lieicrtkaspynrckgsiylvfdf^ 

gvlkladfglarafslaknsqpnrytnrvvtlwyippell^^ 

isqlcgsitpevwpnvdnyelyeMelvkgqlo'kvkdrlkayVrdpyaldUdldlvH 

psdlkgmlsthltsmfeylapprrkgsqitqqstnqsmpattnqtefervf (SEQ ID NO:44) 



41. Ctklp human (13) A55262 
makqydsvecpfcdevskyeldakigqgtfge^ 
heiciftaspynrckgsiylvfdfc^^ 
gvMadfglarafslalmsqpnrytnrvvtlwyrppelllgerdygp^^ 
isqlcgsitpevvs^nvdnyelyeWelvkgq 

psdlkgmlstMtsmfeylapprrkgs (SEQ ID NO:45) 

42. Ctklp human (14) AAA35668 
makqydsvecpfcdevskyeklakigqgtfgevft^ 
lieicrtkaspynrckgsiylvfdfcehdlagllsnvlvkftlseikr^ 
gvlMadfglarafslaknsqpiirytnrvvtlwyrppelUge^ 
isqlcgsitpevwpnvdnyelyeMelvkgqlakvkdrlkayvrdpyaldlidW 
psdlkgmlstUtsmfeylapprrkgsqitqqstnqsrnpattnqtefervf (SEQ ID NO:46) 



43. Ctklp human (15) AAH01968 

makqydsvecpfcdevskyeklakigqgtfgevfkarhrktgqkvalkkvto^ 

heicrtkaspynrckgsiylvfc^ 

gvlkladfglarafslaknsqpmytnrv^ 
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isqlcgsitpevwpnvdnyelyeMelv^ 

psdlkgmlstUtsmfeylapprrkgsqitqqstaqsmpattnqteferv^ ID NO:47) 



44. Clklp human (16) A38282 
mknekmkttswl^ 

iirieegtygvvyrakdkktdeivalkrlkmekek^^ 
dlkslmetmkqpflpgevktlmiqlkgvkhlhdn 
wyrapeUlgakey^vdmwsvgcifgeW^^ 
ni^lrfgaUsdqgfdlnmkfltyfp 

ysqlgdddlketgfliltttnqgasaagpgfslkf(SEQIDNO:48) . .. 

45. Ctklp human (17) P5O750 

makqydsvecpfcdevskyeldaMgqgtfgevflcarhrktgqkvalkk^ 

lieicrlkaspynrckgsiyM^ 

gvlkladfglarafslaknsqpnrytnr^ 

isqlcgsitpevwpnvdnyelyeklelvkgqkrkvk(klkayvrdpyaldlidkU 
psdlkgmlstUtsmfeylapprrkgsqitqqstnqsmpattnqtefervf (SEQ ID NO:49) 



46. Ctklp human (18) AAA19581 

metgsnseeaseqsaeevseeemsedeerenenhUvvpesrfdfdsgeseeae^^ 

pielkqelpkylpalqgcreveefqcl^ 

pnivtvreiwgsrundltiyivmnyveh^ 

ilkvgdfglareygsplkaytpvvvtlwyrapelllgakeystavd^ 

gtpsekiwpgyselpavkkmtfsrhpynnkkrfgalk^ 

fptwpakseqqrvkrgtspi^pegglgysq^ ID NO:50) 



47. Ctklp human (19) NPJ296370 

msedeerenenUlvvpesrfdrdsge 

efqclnrieegtygvvyrakdkktdeivato^ 

nyvehdlkslmetmkqpflpgevktl^ 

vWtlwyrapelUgakeystavdmwsvgti^^ 

sehpynnfrkrfgallsdqgfdlmnkflty^grrisaed 

egglgysqlgdddlketgfMtttnqgasaagpgfsM(SEQIDN0:51) • 



48. Ctklp human (20) AAA36406 

msedeerenenhUvvpesrfdrdsgeseeaeeevgegtpqssdtegdyvpdspalspielkq 

efqclnrieegtygvvyrakdkktdeivalkrlkmekekeg^ite^ 

nyvehdlkslmetnikqpflpgevktlnuqlkgvkh^ 

vWtiwyrapeUlgakeystavdtawsvg^ 

sehpyimhkrfgaUsdqgfdlnmkflty^grrisaedglk^ 

egglgysqlgdddlketg£hltttnqgasaagpgfslkf(SEQ U) NO:52) 
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49. Ctklp human (21) NP 277026 

metgsnseeaseqsaeevseeemsedeereneiMvvpesrfdrdsgeseeaeeevgegtp 

pielkqelpkylpalqgcrsveefqcl^ 

pnivtvreiwgsimicMyivmn^ 

ilkvgdfglareygsplkaytpvvvtlwyrapelUgakeystavdmw 

gtpseMwpgyselpavkkmtfseh^ 

^twpakseqqrvkrgtsprppegglgysqlgdddlketgMtttnqgasaag^ ID NO:53) 



50. Ctklp human (22) AAA19584 
mredysdtokashwsrspprpprer^^^ 

eeeeeegstseeseeeeeeeeeetgsiiseeaseqsaeevseeemsedeerenenUlvvpesrfdrdsgeseeaeeevge 

gtpqssaltegdyvpdspalspielkqelpkylpalqgcrsveefqclnrieegtygwj^ 

ekegfpitslreintilkaqhpiiiv^^ 

hdnwilhrdlktsnlUshagilk^^ 

qlqrifpgfcsddqinkvfkdlglpseki^ 

aedgMieyfretplpidpsmfpt^ 

kf(SEQmNO:54) 



51. Ctklp human (23) AAC72078 



eevseeems^eerenenhUvvpesrfdrdsg 

qgcrsveefqcliuieegtygvvyrakdklrtdeivalkrlkmek^ 

dldyivnmyvehdlkslmetmkqpflpgevkth^ 

plkaytpvvvtlwyrapelllgak^ 

avktatfeehpynnlr^ 

gtsprppegglgysqlgdddlketgfhltttnqgasaagpgfslkf (SEQ ID NO:55) 



52. Ctklp human (24) NP_277022 

meerdllsdlqdisdserktssaesssaesgsgseeeeeeeeeeeeegstseeseeeeeeeeeeeeetgsnseeaseqsa 

eevseeems^eerenenhllvvpesrf&^ 

qgcrsveefqclnrieegtygvvyrak^^ 

dlriyivmnyvehdlkslmet^ 

plkaytpvvvtlwyrapelllgate^ 

avklmtfsehpynnkkrfgallsdqgfdlnmkflt^ 

gtsprppegglgysqlgdddlketgfhltttnqgasaagpgfslkf (SEQ ID NO:56) 



53. Ctklp human (25) NP_277025 
mredysdkvkashwsrsppipprerM^ 
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eeeeeegstseeseeeeeeeeeeeeetgmseeaseqsaeevse 

vgegtpqssaltegdyvpdspalspielkqelpky^ 

mekekegipitskeintilkaqhpm^ 

khlhctawilhrdlktsnlllshagilkvgdfgl^eygs 

Utqkplipgkseidqii±y&^ 

risaedglkheyfretplpidpsmlp^ 

fslkf (SEQ ID NO:57) 

54. Ctklp human (26) AAC72082 
mredysdkvkashwsrsppipprerfelgdg 

eeeeeegstseeseeeeeeeeeeeeetgsnseeaseqsaeevseeemsedeerenenUlv\^esrfdrd 

vgegtpqssaltegdyvpdspalspielkqelpkylpalqgcrsyeefqclnri 

mekekegfpitsfreintilkaqhpiu^^ 

khlhdnwilhrdlkts^ 

UtqkplfpgkseidqinkvfM 

risaedgMeyfretplpidpsm^ 

fslkf (SEQ ID NO:58) 

■. 

55. Ctklp human (27) AAC83666 
mredysdkvkashwsrsppippre^ 

eeeeeegstseeseeeeeeeeeeeeetgsnseeaseqsaeevseeeinsedeerenenUlvvpesrfdr 

vgegtpqssaltegdyvpdspalspielkqelpkylpalqgcrsveefqclnrieeg^ 

mekekegipitskeintilkaqh^ 

khlhdnwilhnilktsnlUsh^ 

lltqkplipgkseidqinkvfkdl^ 

risaedglkheyfretplpidpsm^twpakseqqrvkrgtspippegglgys 
fslkf (SEQ ID NO:59) 

56. Ctklp human (28) XP_043001 
mvalkkvrldnekegfpitaireiW^ 
nenhiksfmrqlmegldychl^ 
rytpddvwscgcilgelftkkpifqan^ 
a^dlfdyinlaldpskrctaeqalqceflrdvepskmpppdlplwqdch^ 

glddsrtntpqgvlpssqlksqgssnvapvlrt^ 1 

nlpagilatgekqtdpstpqqesskplggi 

s^easlqlipppepstpvsgqddliqhqdmrilel^^ 

sltdphagvkadlqUaqhqpqddpkreggidyqagdtyvstsdykdnfgsssfssapyvs^^ 
gnsdiqsldnystasshsggppqpsafsesipssvagygdiylnagpm 

%lpakmhnynyggnlqenpsgpslmh^^ (SEQ ID NO:60) 

57. Ctklp human (29) A54024 
metgsnseeaseqsaeevseeemsedeerenenhfl^ 
pielkqelpkylpalqgcrsveefqclnriee^ 
pmvtvreiwgsiundkiyivn^ 
ilkvgdfglareygsplkaytpwl^ 
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gtpsekiwpgyselpavkkmt^^ 

fptwpakseqqrvkrgtsp^ (SEQ ID N0:61) 

58. CMp human (30) NP 277069 
mlmelaiikttswlfqshgsteipg^ 
pitskeintilkaqhpnivtweiwgsnmdkiyivmnyvehd^ 
ltedlktsnlUshagilkvgdfg^^^ 
pgnseidqinkvfkelgtpselriw^^ 
ldieyfretplpidpsmfpt^ 

IDNO:62) 

59. Ctklp human (31) NP_277074 
nilaiekml^wlfqshgsteipgi^kkqrkkwg 
pitskeintilkaqhpnivtvreiwgsmndMyivmnyvehdlks 
IhrdlktsnUlshagilkvgdfglareyg^ 
pgnseidqinkvfkelgtpsekiw^ 
Idieyfretplpidpsmfp^ 

IDNO:63) 

60. Ctklp human (32) AAC72083 
mknekmkttswlfqshgsteipg^ 
pitskeintilkaqhpmvtvreiwgsiim<Myivmnyvehdlfa 
lhrdlktsnlllshagilkvgdfglareygsplkaytpvvvtq\^ 
pgnseidqinkvfkelgtpseMw^ 
kheyfretplpidpsmfptwpakseqqrc^ 
IDNO:64) 

61. Ctklp human (33) AAC72088 
mknelankttswlfqshgsteipgi^ 
pitslreintilkaqhpnivtvrei^ 
lhrdlktsnlllshagilkvgdfglareygs^^ 
pgnseidqinkvfkelgtpsel&w^ 

kheyfretplpidpsmiptv^ (SEQ 
IDNO:65) . 

62. Ctklp human (34) CAA20348 
msedeerenenMlvvpesrfdrdsge 
efqclnrieegtygvvyrakdkktdew^ 
nyvehdlkslmetmkqpflpgevktlmiqllrgvkhlhdnwil^ 
vvvtqwyrapelUgakeystavdmwsv^^ 
sehpynnkkrfgdlsdqgfdln^ 

egglgysqlgdddlketgMtttnqgasaagpgfslkf (SEQ ID NO:66) 

63. Ctklp human (35) XP_001532 
marehsirergndgvcllMrte^ 
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seeseeeeeeeeeeeeetgsnseeaseqsaeevseeemsed^ 

altegdyvpdspaUpielkqelpkylpalqgcr^ 

itslreintilkaqhpnivtvrd^ 

hrdlktsnlUshagilkvgdfglare^ 

gnseidqinkvfkelglpseki^ 

heyfretplpidpsmfpt^ 

IDNO:67) 

64. Ctklp human (36) A42823 
msedeerenenhlfvvpesrf<frfe^ 
efqclnrieegtygwyrakdkktdd^ 
nyvehdlkslmetmkqp 
v\^qwyrapelllgakeystavdmws^ 
sehpyimklatfgallsdqgfdlm^^ 

egglgysqlgdddlketgfhltttnqgasaagpgfslkf (SEQID NO:68) 

65. Ctklp human (37) T09568 
mknekmkttswlvrtslete^^ 

qgcrsvdefqclnrieegtygvvyrakdkktdeivalkrlkmekekeg^ 
dkiyivimyvehdlkslmetnikqpflpgevktlmiqlkgvkhto 
plkaytpvvvtqwyrapelllgakeystav^^ 
avkkmtfsehpynnkkrfgalk^ 

gtspippegglgysqlgdddlketgfliltttnqgasaagpgfslkf (SEQ ID NO:69) 

66. Ctklp human (38) AAB59449 
mknekmkttswlvrtsletefq^^ 
qgcrsvdefqclnrieegtygvvyra^^ 
dkiyivnmyvehdlkslmet^ 
plkaytpvvvtqwyrapelllgakeys^^ 
avklantfsehpynnlrk^^ 

gtsprppegglgysqlgdddlketgfliltttnqgasaagpgfslkf (SEQ ID ]SfO:70) 

67. Ctklp human (39) AAH14464 
ereeetgsnseeaseqsaeevseeemsedeerenen^ 
allpielkqelpkylpdqgcrsveefqclnrieegtygvvyra^ 
aqhprdvtvreiwgsnmdMyivnmyvehdlkslmeta^ 
hagilkvgdfglareygsplkaytpvvvtqwyrapeUlgakeystavdmwsvgc^^ 
kelgtpselriwpgyselpwkkmt^^^ 

psmi^twpakseqqrvkrgtsprppegglgysqlgdddlketgfhltttp ID NO:71) 

68. Ctklp human (40) AAA19585 
msedeerenenhUvvpesrfdrds^^ 
efqclnrieegtygwyrakdkktdeivalkrlkmekene 
nyvehdlkslmetmkqpflpgevktlmiqlkgvkhlhdnw 
vvvtqwyrapelllgakeystavdmwsvgcif^^^ 
srhpynnkkrfgallseqgfdlmnkflty^grrisaedgM 
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egglgysqlgdddlketgfhltttnqgasaagpgfslkf (SEQ ID NO:72) 

69. Ctklp human (41) KP58 JIUMAN 
mknelaiiktlwlfqshvsteipg^ 
clnrieegtygvvyn&dldctdei^ 
ehdlkslmetaikqpflpgevktMqllrgvkhlhdn 
tqwyrapelllgakeystav<hnwsvgci^ 
pynnlrkrfgallseqgfdlmnM 

lgysqlgdddlketgfhltttnqgasaagpgfslkf (SEQ ID NO:73) 
Dbf2o (5 sequences) 

70. Dbf2p human (01) BAA76809 
amtagtttt^msnhtrervtvakltlenfysnUlqheeretrqkU 
rtrlglddfeslkvigrgafgevrlvqkkdtj^ 
nlylimeflpggdmmtllmkkdtlteee 
hrtefymlthnppsdfsfqnmnskA^ 
ppfcsetpqetyrkYmnwketlvippevpiseka^ 

iksiddtsnfddfpesdilqpvpnt^ (SEQ IDNO:74) 

71. Dbf2p human (02) XP_G44823 
mamtagttttfpmsnhtrervtv^ 
krtrlglddfeslkvigrgafgevrlvqkkd^^ 
mlylimeflpggdmmtllmkkdtlteeetqfyisetvlaidaihqlgfi^ 
alulefyrnlthnppsdfsfqmmskrkaetwkkr^ 
yppfcsetpqetyrkvmnwketlv^^ 

eiksiddtsnfddfpesdil<u>^^ (SEQ ID NO:75) 

72. Dbf2p human (03) NP J)09202 
mamtgstpcssmsnhtkervtmtkvtlen^ 
rtrlgledfeslkvigrgafgevrlvqkkdt^ 
nlylimeflpggdmmtllmkkdtlteeetqf^ 
hrtefyrnlnhslpsdfifqimra^ 
pfcsetpqetykkvnmwketltfppe^^ 

iksiddtsnfdefpesdillqrtvatsi^ (SEQ ID NO:76) 

73. Db£2p human (04) NPJ)04681 
mkrsekpegyrqmipktfpasny^ 
einisUpfanetnssrstsevnpqmlqdlqaagfdedmw^ 
asmJqjgnvqqsvmkqswkgskeslvpq 
ppqvrevtppppprgqtppprgttppppsw^ 
gqrgissvpvgrqpiimqssskfhifcsgrpgmqn^^ 
apssytngsipqsmmvpnmshnmely^ 
hsansqpsattvtaityapiqqpvksmrvl^ 
pppypkMlhqnps\^pyesiskpskedqpslpkedeseksyen^ 
qafkjfceqhvenvlksh^^^ 



Figure 4 



WO 03/094847 PCT/US03/14382 

22/107 

afgevclarkvdtkalyatktfrkkdvlta^ 

imgifpeslarfyiaeltcavesvh^ 

wgdpsscrcgdrlkplen^ 

k\fowqtsMppqaklspeasdliMcrgpedrl^^ 

pvdpdklwsddneeenwdtlng^ 

gseiknrdlvyv (SEQ ID NO:77) 

74. Dbf2p human (05) BAA92381 . 4 . 
nsdtsldakvlgskdatsskqqnuatplrf^ 
kqtgsrsieaaleyiskmgyldpmeqivn^^ 
taleempipyvdylfpgvgphgpghqhqhppk^ 
petggyaslptkgqggppgagl^ppaaglyvphphhkqagp^ 
lsstsvqqwpaatlarrdslqlq)gleapprahv^^ 
hpvksvrvhpepqtavgpshpawvpapapapapa^ 
cccakseqydldslcagmeqskagpnepeggdte^^ 
kfimeqhvenviktyqqkv^ 
vclackvdthalyamktfrkkdvl^ 
evipehlarfyiaeltlaiesvhk^^ 

ddvsncrcgdrlktteqrarkqhqrslahslvgtpnyiapevllrkgytqlcdwws^ 
lkvinwentlWpaqvklspeardli^ 
dpvdeespwndasegstkawdtltspnnkhpehafy^ 
cqpvyv (SEQ E) NO:78) 

Dbp3ip (19 sequences) 

75. Dbp3p human (01) NP 006377 
mrgggfgdrdrdrdrggfgargggglppkMgnpgerhkkkw 
vrggdvcpkpvfafhhanfpqyvmd^ 
ergdgpiclvlaptrelaqqvqqvaddygkcsrlkst^ 
tylvldeadnnldmgfepqirW^ 
sekdhkhqlmeeimaekenktiifvetk^ 
rgldvedvkfvinydypnssedyvlm 

ggggrsrymssannpnlmyqdecdirkgvkdggrrdsasyrdrsetdra 
ygaaaygtssytaqeygagtygassttstgrssqsssqqfsgigrs^ 
pppppppsrk (SEQ ID NO:79) 

76. Dbp3p human (02) Q92841 
mrgggfgckdrdrdrggfgargggglppkkfgnpgerhkkkw 
vrggdvcplq>vfafhhanfp^ 
ergdgpiclvlaptrelaqqvqqvaddygkcsr^ 
tylvldeadnnldmgfepqiriri^^ 
sekdhkhqlmeeimaekenktii^ 
rgldvedvkfvinydypnssedyvhri 
ggggrsryrttssaimpnlmyqdecdnlrgvta^ 
ygaaaygtssytaqeygagtygassttstgresqsssqqfsgig^^ 
pppppppsrk (SEQ ID NO:80) 
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77. Dbp3p human (03) S72367 
mrgggfgdrcfrdrdrggfg^^ 
vrggdvcplq?vfafhha^ 
ergdgpiclvlaptrelaqqvqqvaddygkcsrlkstri^ 
tylvldeadrmldmgfi^qirkivdq^ 
sekdhkUqlmeeimaekenktiifvetkro 
rgldvedvkfWnydypnssedyvhrigrt^ 
ggggrsryrttssaimpnlmyqdecdrrkgvk^^ 
ygaaaygtssytaqeygagtygassttogrssqsssqqfsgigregqq^^ 
pppppppsrk (SEQ ID N0:8 1) 

78. Dbp3p human (04) AAC50787 
mrgggfgdrdrdrdrggfgarg^ 
vrggdvcpkpvfafhhanipqyvmd^^ 
ergdgpiclvlaptrelaqqvqqvaddygkcsrlksto^ 
tylvldeachmldmgfepqklrivdqi^ 
sekdhkhqlmeeimaekenktiifr^ 
rgldvedvkfvinydypnssedyvhrigrtarsliikgtayt 
ggggrsryrttssannpnlmyqdecdrrkgvkdggrrdsasyr 
ygaaaygtssytaqeygagtygassttstgresqsssqqfsgig^ 
pppppppsrk (SEQ ID NO:82) 

79. Dbp3p human (05) CAB09792 
nffgggfgdrdrdrdrggfgargg 
wggdvcplq>vfafhhanlpqyvmdv^ 
ergdgpiclvlaptrelaqqvqqvaddygkcsrlkstciygga^^^ 
tylvldeadimldmgfepqirldvdqirpdrqtlmwsalAVp 
sekdhkliqlmeeimaekenktiifte^ 
rgldvedvkfvinydypnssedyvhrigrtarstnkgtaytf^ 
ggggrsryrttssaimpnlmyqdecdrrk^ 
ygaaaygtssytaqeygagtygassttstgrssqsssqqfsgigrsgq^ 
pppppppsrk (SEQ ID NO:83) 

80. Dbp3p human (06) AAH00595 
nu-gggfgdrdrdrdrggfgargggglppta^ 
vrggdvcpkpvfafhhanfpqyvm 
ergdgpiclvlaptrelaqqvqqvaddygkcsrlkstc^ 
tylvldeadnnldmgfepqirlrivdqi^ 
sekdhkhqlmeeimaekenktiifveto 
rgldvedvkfvinydypnssedyvhri^ 
ggggrsryrttssaimpnlmyqdecdiTkg^kdggrrdsasyrdrsetdr^ 
ygaaaygtssytaqeygagtygassttstgrssqsssqqfsgi^ 
pppppppsrk (SEQ ID NO:84) 

81. Dbp3p human (07) 226021 
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fggsragpls^fgnpgeWvkkkwiri^ 
ipanvmdviarqnfteptaiqaqgv*^ 

qqvqqvaaeycracrlkstciyggapkgpqirdlergveiciatpgrUdflecg^ 

qirkivdqirpdrqtlmwsatwpk^^ 

enktivfvetkiTcdel^^ 

ssedyihrigrtarslktgtaytf^ 

krggfetfrdrenydrgyssll^ 

vpnmhngmnqqayaypataaapmigypmptgysq (SEQ LD NO:85) 

82. Dbp3p human (08) NPJ)04387 
msgyssdr^grckgfgaprfggsragplsgkkfgnpgeklvkk^^ 
eitvrghncplq)vlnfyean$ 
flergdgpiclvlaptrelaqqvqqvaaeycrac^^ 
rttylvldeadrmldmgfepqirW^ 
hdvekdeWirlmeeimsekenkti^ 
asrgldvedvkfvinydypnssedyihri 
grsrgrggmkddmlrysaglaggtofr^ 

gnptgtyqngydstqqygsnvpimihngmnqqayaypataaapmigypmptgys (SEQ ID NO:86) 

83. Dbp3p human (09) XP_008344 
msgysscfrdrgrdrgfgaprfggsragplsgk 
eitvrghnc^kpvlnfyeanlpa^ 
flergdgpiclvlaptrelaqqvqqvaaeycraCT^ 
rttylvldeadnnldmgfepqirkivdq^ 
hdvekdeWirlmeeimsekenktiv^ 

asrgldvedvkfvmydypnssed^ . 
grsrgrggmkddrrdrysaglCTggfetfrdrenydrgyssllkrdfgato 

gnptgtyqngydstqqygsnvpnmhngnmqqayaypataaapmigypm (SEQ ID NO:87) 

84. Dbp3p human (10) P17844 
msgyssdrfrgrdrgfgaprfggsragpls 
eitwghncpkpvlnfyearifpanvm 
flergdgpiclvlaptrelaqqvqqvaaeycracr^ 
rttylvldeadimldmgfepqirti^ 
hdvekdeklklmeeimsekenl^ 
asrgldvedvkfvinydypnssedyih^ 
grsrgrggmkddrrdrysagkrg^ 

gnptgtyqngydstqqygsnvpnmhngmnqqayaypataaapmigypmptgysq (SEQ ID NO:88) 

85. Dbp3p human (1 1) JC1087 
msgyssdrdrgrdrgfgaprfggsra^ 
eitwgjtacpkpvlnfye 
flergdgpiclvlaptrelaqqvqqvaaeycra^^ 
rttylvldeadrmldmgfepqkldvdqiipdrqtlmwsat^ 
hdvekdeMklmeeimsekenktiv^etkrrcdeltr 
asrgldvedvkfvinydypnssedyihri 
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gmgrggmkddrrdxysag^ 

gnptgtyqngydstqqygsn^ (SEQ ID NO:89) 

86. Dbp3p human (12) CAA36324 
msgyssdrdrgrckgfgaprfggs^^ 
eitvrghnc^kpvlnfyeanipan^ 
flergdgpiclvlaptrelaqqvqqvaaeycraCT^ 
rttylvldeadrmldmgfepqklri^^ 
hdvekdeldirlmeeimsekenM^ 
asrgldvedvkfvinydypnssedyihrig^ 
grsrgrggmkddrrdrysagkrggfetfrdrenydrgyssllkrdfg 

gnptgtyqngydstqqygsn\^imihngmnqqayaypataaapmigypmptg^ (SEQ ID NO:90) 

87. Dbp3p human (13) CAA3375 1 
msgyssdrdrgrdrgfgaprfggsragpls 
eitvrghnqpkpvliifyean^anvmdviarqnfteptaiq 
flergdgpiclvlaplxelaqqvqqvaaeycracrlkstciyggapkgpqirdlergveiciat^ 
rttylvldeadnnldmgfepqkldvdqiipdrqtlmws 
hdvekdeldirlmeeimseke^ 
asrgldvedvkfvinydypnssedytfiri^ 
grergrggmkddirdiysaglttg^^ 

gnptgtyqngydstqqygsnvpimihngnmqq (SEQ ID N0:91) 

88. Dbp3p human (14) AAB84094 
msgyssch^grdrgfgapifggsragplsgk^ 
eitvrghncpkpvlirfyeanipan^ 
flergdgpiclvlaptxelaqqvqqvaaey^ 
rttylvldeadrmldmgfepqkkivdqiipdrqtlmwsatwpkew 
hdvekdeklklmeeimsekenktiv^ 
asrgldvedvkfvinydypnssedyi^ 
grergrggmkddiTdiTsaglCTgg&tfrdrenydrgyssllladf^ 

gnptgtyqngydstqqygsnvpnmhngmnqqayaypataaapmigypmptgysq (SEQ ID NO:92) 

89. Dbp3p human (15) AAH16027 
msgyssdrdrgrdrgfgaprfggsragplsg^ 
eitvrghncplq>vlnfyean^ 

flergdgpiclvlaptrelaqqvqqvaaeycracrlkstciyggapkgpqkdlergveiciatpgrh 

i^lvldeadrmldmgfepqirldvdqiip^ 

hdvekdeklirlmeeimsekenktivto 

asrgldvedvkfWnydypnssedyilM 

grsrgrggmkddrrdrysagkrg^tfrdrenydrgyssllkrdfgaktq 

gnptgtyqngydstqqygsnvpnmhngnuiqqayaypataaapmigypmptgysq (SEQ ID NO:93) 

90. Dbp3p human (16) NPJJ61135 
mshhggapkastwvvasrrsstvsrape^ 
avigrggskilaiiqsttnttiqiiqeqpeslv^ 
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imvvagdipUdwdqireeglkwqkt^ 

totfddafqcypevmeni^ 

vltptrelalqvegecckysykgksvcvygggmde^^^ 

mldmgfepqimldUdvipdrqtvmtsatwphsvte^ 

lqsmsstdkvivfvsrkavadUssdhlgra^ 

nfdfpmieeyvhrigrt^ 

qgipkkfh(SEQIDNO:94) 

91. Dbp3p human (17) CAB92442 
mshhggapkastwvvasrrsstvsrapenpaeelirt 
avigrggskikniqsttnttiqiiqeqpeslvldfgskamqtkak^ 
imvvagdrplidwdqkeeglkwqktk^ 
tctfddafqcypevmenik^ 
vltptrelalqvegecckysykgksvc^ 
nUdmgfepqimldUdvipdrqtvmtsatwphsvM 
lqsmsstdkviviVsrkavadM^ 
nfdfprnieeyvhrigrtgragrtgvsittlta^ 
qgrpkkfh(SEQIDNO:95) 

92. Dbp3p human (1 8) CAB66685 
mshhggapkaslwvasrrestvsrapenpaeelnrtgpegysvgrggr^ 
avigrggskikniqsttnttiqiiqeqpeslvl^ 
imwagdrphdwdqkeeglkwqktkwa 
tctfddafqcypevmenikkagf^^ 
vltptrelalqvegecckysykgksvcvyggg^ 
mldmgfepqiinMlldvrpdrql^ 
lqsmsstdkvivfvsrkavadhlssdlil^ 
nfdfprmeeyvhrigrtgragrtgv^ 
qgrpkkfh(SEQIDNO:96) 

93. Dbp3p human (19) XPJ)04395 
mshhggapkastwvvasnrsstvsraperrpaeelnrtgpegysvgrg^r^ 
avigrggsldkmqsttnttiqiiqeqpeslvkif^^^ 
imvvagdrplidwdqkeeglkwqktkwadlpp 
tctfddafqcypevmenildcagfq^^ 
vltptrelalqvegecckysykghsvcvygggnrdeqieeMgvdiiijatp 
mldmgfepqimkilldvip^ 

lqsmsstdkvivfvsrkavadhlssdUlgnisveslhgdreqrdrekaleiiflrt 

nfdiprnieeyvhrigrtgragrtgvsitti 

qgrpkkfh(SEQIDNO:97) 

Dbrlp (4 sequences) 

94. Dbrlp human (01) NP_057300 
nuvavagcchgeldldyetldaerrgpgpvdUlccgdfqavmeadkc^ 
iggnheasnhlqelpyggwvapniyylgl^^ 
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Ikqlkcpidiflshd^^ 

dkgqtaratkflaldkclphrdflqneiehdpsapdyleydiewlti 
eegi^evleklnhdlk^cnfe^ 
dvesndsgedqseyntdtsalssinpdeimlde^ 
dtvdstidregkpgglvesgngedltkvpM 

95. Dbrlp human (02) AAD53327 
mivavagcchgeldkiyetlalaOT^ 
iggnheasnMqelpyggwvapmy^ 
lkqlkqpidiflshdwprsiyhyga^qllktksffrqevem^ 
dkgqtaratldlaldkclpfrdflqtt^^ 
eegn&evleklnhdlkvpc^^ 
dvesndsgedqseyntdtsalssinpdeimldeeed^^ 
dtvdstidregkpgglvesgngedltkvplkrlsdehepeqrkld 

96. Dbrlp human (03) XP 05 1602 
mrcavagcchgeldkiyetlalaerc^ 
iggnheasnhlqelpyggwvapniyylgl^ 
lkqlkqpidiflshdwprsiyhygn^ 
dkgqtaratldlaldkclphrdflq 
eegmkevleklnhdlkvpcnfsvtaa^ 
dvesndsgedqseyntdtsalssinpdeimldeeede^ 
dtvdstidregkpggtvesgngedlt^ 

97. Dbrlp human (04) AAH09472 
mivavagcchgeldkiyetlalaercgp^^ 
iggnheasnMqelpygg^apmyyl^agw^ 
lkqlkqpidiflshdwpre^^ 
dkgqtaratkflaldkclphrdfl^^ 
eegmkevleklnhdlkvpra^ 

dvesndsgedqseyntdtsalssinpdeimldeeededsivsahsgnmtpsv^sdqasefsasfsdvrilp 
dtvdstidregkpggtvesgngedltkv^ 

Doa4p (14 sequences) 

98. Doa4p human (01) NP 005145 
mpavasvpkelylsssMlnklrtevkpe^ 
qqqdyfhsilgpgnikkaveeaerlseslk^ 
kdktqksngeknekcetkekgaitakd^ 
ddskdtwWagnveywUdwissakd^ 
pirqneevsisldftypsleesipskpaaqtppas^ 
iknvpqidrtkkpavklpeeh^ 

ekerqqeeqkeklrkeeqeqkakkkqeaeeneitekqqkakeem^ 
tsdakksveckgkrcptpei^ 

seemgrivpglpsgwakfldpitgtfiyyhsptntvhmyppemapssappstppt^ 
ditqaiqeeelakptvtptw 
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ladyfhmcyqddirursnU^ 
hedlnkadnrkrykeem^ 
kctlqdcMfskeekltdnnrfy^ 
vigplouilkkynlfsvsnhyggldg^ 

99. Doa4p human (02) NP 036607 
mpqasehrlgrtreppvrriqprvgsl^ 
pkadhgvplpgsppptvalplpsrtnlarsta^ 
ggfpgpptlfsirteppashgsflraiisa^^ 
lrrdfrqevpgggraqelteafadvigalwhpdsceavnptrfravfqky^ 
girappilangpvpspprrggalleepelsddckanl^ 
slpipkkgfaggWskdcfhlftkeeelesenapvc^ 
d^lqrlslgdfasdkagspvyqlyalcnhsgsvty 

pprcl 

100. Doa4p human (03) AAH03 130 
misarssepfysddkmahhtlUgsghvgliri 
vigdwhpdsceavnptrfravfqkyvpsfsgysqqdaqefMlm 
eepelsdddranlmwkryleredskivdlfvgqlksclkcqacgyrstt^^ 
keeelesenapvcdrcrqktrstkldtvqr^rilvlhlnrfsasrg 
yalcnhsgsvhyghytalcrcqtgwhvyndsrvspvsenqvassegyylfyqim 

101. Doa4p human (04) NP_057656 
misarssepfysddkmahhtlllgsghvgl^ 
vigdwhldsceavnptrfravfqk^ 
eepelsdddranlmwkryleredskiv^^ 
keeelesenapvcdrcrqktrstk^ 
yalcnhsgsvhyghytalcrcqtgwhvyn^ 

102. Doa4p human (05) XPJ)5 1386 
msqlsstlkrytesarytdahyaksgygaytpss 
Irpditgggfaaesqtrgteiplgsglsggsg^^ 
idpmlgrspmlartrkelctlqg^ 
kgqapgpsrssspgrdgmnsksaqglaglirignte^ 
liqtiwtsspndwspsefldqiqryaprf^gynqqdaqeflrflldglh^ 
rkyleredsrigdlfvgqlkssltctdcgycstvfdpfwdlslpiafa 
grkrcikkfsiqrfpkilvl^^ 
ycrspgtgewhtfiidssvtpmsssqvrtsdayllfyelasppsnn 

103. Doa4p human (06) BAB71388 
msqlsstllaytesarytdahyaksgygay^ 
lrpditgggkraesqtrgteiplgsglsggsg^ 

idpnUgrspmlartrkelctlqglyqtascpeylvdylenygrkgsasqvpsqappsr^ 
kgqapgpsrssspgrdgnmsksaqglaglni^^ 
Uqtiwtsspndwspsefktqiqryaprfv^ 
rkyleredsrigdlfvgqlkgslta^ 
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grkrcikkfsiqrfpktt^^ 

ycrspgtgewhtfcdssvtpmsssqvrtsdayllfyelasppsnn • 

104. Doa4p human (07) AAC28392 
mhikaknsksaqglaglmlgntcft^ 
wspsefktqiqiyaprfvgynqqd^^ 
dlivgqlkssltctdcgycstv^ 
ripkUvlhlkrfsesrto 
fiidssvtpmsssqvrtsdaylhfyelasptspi 

105. Doa4p human (08) AAG17222 
mpqaseMgrtreppvmqprvgsMpfaprra 
pkadhgvplpgsppptvalplpsrtnlarsks^ 
ggfpgpptlfsirteppashgsfWsagplslstlm^ 
rrdfrqevpgggraqelteafadvigalwhpdsceavnptrfevfqkyvpsfsgysq 
rrappilangpvpspprrggalleepelsdddranlmwloyleredskiv 
lpipkkgfagg^skdcfhlftkee^ 
i^lqrlslgdfasdkagsvhyghytdcrcqt^ 

106. Doa4p human (09) NP_006304 
maeggaadldtqrsdiatltoskkgdto^ 
kehMeldyillptegwnHvswytlmegq 
iekeirldfsipdeketrlwnkymsntfepln^ 
ayknydysepgrnneqpglcglsnlgntcfhmsa^ 
wsj^yvtprafktqvgrfapqfsgy^ 
ndsiivdifhglfkstlvcpecakisvtfdpfcyltlplpmkkertle^ 
salsgipadkmivtdiynhrfhri^ 
gqpflmavpnmtedMynUllrmc^ 
elpsenensqsedsvggdndsenglctedtckg^ 
aldwdpdlkkryfdenaae^ 
vlwhlkrfsysrymrdkldtlv^ 
dssvstasedqivskaayvlfyqrqdtfsgtgf^^ 

107. Doa4p human (10) BAA25455 
ggaadldtqrsdiatllktskkgdtwylvdsrwfkqwkkyvgfdswdkyqmgd 
HdeldyiUptegwnklvswytlm^ 
ekkifsipdeketrlwnkymsrt^ 
nydysepgrnneqpglcglsnlgntcfhmsaiqcl^ 
kfsyvtprafktqvgrfapqfsgyqqqdcqellaflldglhedlnrk 
iivchfhglfkstlvcpecaM^ 

sgipadlonivtdiy^fhrifamdenlssimerddiyvfera 

flmavpnmtedldynUllnncryvkisteteetegslhcckdqm^ 

senensqsedsvggctadsenglctedtckgq 

wdpdlkkryfdenaaedfekhesveykppkkpf^ 

whlkrfsysr)anrdMdtto^ 

svstasedqivskaayvlfyqrqdtfsgtgfl^Idretkgasaatgiplesdedsndnto 
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108. Doa4p human (1 1) Q9Y4E8 
mgdqnv>pgpidnsgllkdgdaqslkehlideldyillptegwiM 
teMcengnnnmvvtrrfskadtidtiekekk^ 
neqknedgtwprgpslpnvknsnyclpsytaylmydysepgcm 
dkyqeelnfdnplgmrgeiaks^ 
rkl^yiqMadgipdkvryae^^ 
lvnndpltkpmqykvvvpkignM^ 
edtehviipvclrekfrhssyt^ 

ngngpnj^eegspsemetdepddessqdqelpsenensqsedsv^^ 
gtfdinyikddtrhhtfd^ 

Ugaedpwycpnckehqqatklddlwslppvl^^ 

vsnhyggmggghytafaknk^^ 

esdedsndhdndienencmhtn 

109. Doa4p human (12) 094966 
agcgglarlsvpcvmwpqraakiagpgrkrrspdpdavadpgalwlsto 
dranqeskdgdprketgsryvaqagleplasgd 
llatptpellldwqsaeevivldrvgvgplqledvdaaftdtdcvvrfaggqqw 
tlpkkvpmltwpsllveadeqlcipplnsqtcUgseenlaplagekavppgn 
daatlvdepesmralafvkndsyekgpd^^^ 
vklrnliepeqctfcftasridickkrqsqro^ 
dkskarsedtgldsvatrtpmeto 
mnsviqslsntrekdffhdrsfeaein^ 
daqefmaflldglhedliuiqi^ 
pflylpvplpqkqkvlpvf^arephslq>M^ 
ldtvspsdtUcfellsselakeirwlevqqrpqvps^ 
dhkglapemgj^flvsvpasrltyarlaqU 
iqppelqlvtpmaegdtglprvwaapdrgp\^ 
qffiykidssnreqrledkgdtplelgddcslalv^^ 
trpevlapeeawycpqckqhreaskqiUwrl^^^ 
sydlyavinhyggmigghytacarlpndrssqre^ 
ehhpdlgpaaeaaasqasriwqeleaeeepvpegsgplgpwgpqdwvgplpr^ 
fyplvsqsrwr 

110. Doa4p human (13) NPJJ03354 
maegggcreipd^qkselgplmrttlqrgaqwyh^^ 
esqtlkeUideldyvlvpteawnklln^ 
tiatiekeirurklMpaeretrlwnkymsntyeqlskldntvqda 
fttspkssaspyssvsasliangdststcgp^ 
sntapltdy^deyeaeinrdnplgmkg^ 
lldglhedlnrvkklq>yl^ 
lpMdrvmevflvpadphciptqyrv^ 
difvyevcstsvdgsecvtlpv^^ 
ssplepgacngsmscegedeeemehqeegkeqlsetegsge^^ 
nslaadgkllldnsrstlamdwdret^ 
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nckkhqqatJdddlwslpkilwhlkrf^^ 

hytayataiklngkwyyfddsn^ 

dtn 

111. Doa4p human (14) XP.003288 
maegggcrerpdaetqkselgplmrttlqrgaqwylidsnv^ 
esqtlkehMeldyvlvpteaw^ 
tiatiekemrklMpaereMwnk^ 
fttspkssaspyssvsasUangdststcgmhssgvsr^ 
sntapltdyflkdeyeaeinrdnplgmkgeiaeayaeti^ 
UdglhedWvldckpylelkd^^ 
lplkkdrvmevflvpadphciptqyrvtvpto 
difvyevcstsvdgsec\^pvyfrerksrpsstssasalygqplUsrv^ 
ssplepgacngsmscegedeeemehqeegjkeqlsetegsgedepgndpset^^^ 
nslaadgldlklnsrstlamdwdset^ 
nckldiqqatldrftilwslpkilvvW 
hytayak^ngkwyyfddsnvsla^ 

dtn 

E1p2p (5 sequences) 

112. Elp2p human (01) NP_060725 
mvapvletshvfccpmvrgvlnwssgp^ 
ggsdnqvihweiednqllkavhlqghegpvyav^ 
falalclsflpntdvpUacgnddcrihifaqqndqfqkvlslcghedw 
kstsletqdddnklkentftienesv^ 
pdeesgvwleqvrvgevggptlgfydcqfte 
gefiitvgjdqttrlfapwkrkd^ 
slnhvlcnqctecUpegatvpalglsn^ 
qldyghgyeifcvtcnssktUasackaakkehaaiil^ 
wkkqdtispefepvfslfaftnldtsvhsriiwscdwspdskyffl 
gavtavsvcpvlhpsqrywavglecgkiclytwkktdqvpdndwthcvetsqsqsh^ 
gaewlhfascgedhtvkihrvnkcal 

113. Elp2p human (02) BAA91874 
mvapvletshvfccpnmgvlnwssgprgllrf^ 
ggsdnqvihweiectoqllkav^ 

falalclsflpntdvpilacgnddcriWfaqqndqfqkvlslcghedwirg^^ 

kstsletqdddnklkentftienesvkiafavtl^ 

pdeesgvwleqwgevggntlgfydcqfoedgsrm^ 

gefiitvgtdqtMfapwkrkdqsqvto^ 

sliihvlcnqtkdlpegatvpal^snkavfqgdiasqpsdeeelltetgfeyq 

qklyghgyeifcvtcnssktllasackaakkehaaiilwnttswkqvqnlvfh^ 

wkkqdtispefepvfslfaftn^^ 

gavtavsv<^vlhpsqrywavglecgldcl^ 

gaewMascgedhtvkihrvnkcal 
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114. Elp2p human (03) BAB14193 
mvapvletsWccpnmgvlnwssgprgll^^ 
ggsctoqvihweiednqllkavM^ 
ihifaqqndqfqkvlslcghedwirgvewaafgrdlflascsq^^ 
vkiafavtletvlaghenwvnavhwqp^ 
dcqfhedgsmiiahafhgalMwkqntvnpgew^ 
vtwheiaipqihgydlkclaminrfqfvsgadekvlrvfsapn^ 
kavfqgdiasqpsdeeelltstgfeyq^ 
kaakkehaaiilwnttswkqvqnlvffelMqmafspnekfllavsr 
vhsriiwscdwspdskyjffigsrdkkvvvwgvcdstddcieM 
gkiclytwkktdqvpeindwthc^ 

115. Elp2p human (04) AF332505J 
mvapvletshvfcc^nmgvlnws^^ 
ggsdnqvihweiednqllkavMqghegpvyavta 
iWfaqqndqfqkvlslcghedwirgvewaafgrdlflascsqdclMwHyik 
vMafavtletvlaghenwvnavhwqpvfykdgvlqqpvrllsasmdkt^ 
gvqdlvwdpegefiitygtdqttf^ 
venfcaitgqslnhvlcnqdsdlpegatvp^ 
Uqntiwpevqklyghgyeifcvtra^ 
avsrdrtwslwldcqdtispefepvfslfaftaMtsvhsriiw^ 
gpcssvldvggavtavsvqpvlhpsqryvvavglecgkiclytwldctdqvpek^ 
sgkteqkeaegaewlhfascgedhtvldhrvnkcal 

116. Elp2p human (05) AAH0921 1 
gtrUqntlwpevqklyghgyeifcvte^ 
fllavsrdrtwslwkkqdtispefepvfslfaftnkitsvhsm 
hnigpcssvldvggavtavsvcpvlhpsqryw^ 
kncsglrteqkeaegaewMascge(^tvldhrvnkcal 

E1p3p (5 sequences) 

1 17. Elp3p human (01) AAH01240 
mrqkrkgdlspaelmmltigdvfc^^ 
irtasgiawavmckphrcphisft^^ 
svdkvefivmggtffoalpeeyrdyfir^ 
trleigvqsvyedvardtoghtvkavc 
Ivirgtglyelwksgryksyspsdlvelyarildvppwtrvyr^ 
vrtrevgiqeihhkvipyqvelw^ 
vvpvssrdpMqhqgfgmllmeeaeri^ 

118. Elp3p human (02) BAB14138 
mrqlakgdlspaelnmiltigdvikqlieaheqgkdidlnk^ 
irtasgiawavmckphrcpMsftgm^ 
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svdkvefivmggtfindpeeyrdyfim^^ 

Meigvqsvy^vardtaght^aw^ 

lvirgtglyelwksgryksyspsdlvelvarUalvppwtrvyrvqr^ 

vrtrevgiqeihhkvipyqvelviTdyvanggwetfls 

vvpvssrdpMqhqgfgmllmeeaeriareehgsg^ 

119. Elp3p human (03) NP 060561 
mrqlakgdlgpaeknmltig 

irtasgiawavmclq)]irq)hisftgnicvycpggpdsdfeystqsytgyepte 

svdkvefivmggtfinalpeeyrdyf^ 

MeigvqsvyedvardtnrgfttvkavcesfM^ 

lvkgtglyelwksgryksyspsdlvelvarilalvppwtrvyryqrd^ 

vilrevgiqeihhkvTpyqvelvrrdyvanggwetflsyedpd^ 

yyrkigyrlqgpymvkmlk 

120. Elp3p human (04) BAA91600 
mrqlakgdlgpaelimnltigdvikqlieaheqgkdidlnkvkto 
irtasgiawavmckphrcpMsftgnic\^^^ 
svdkvefivmggtimdpeeyrdyfir^ 
trleigvqsvyedvardtaghtvkavces^ 
lvkgtglyelwksgryksyspsdlvelvarilal^ 
vrtrevgiqeihhkvrpyqvelwdyvanggwetflsyedpdqdiligl^ 
yyrkigyrlqgpymvkmlk 

121. Elp3p human (05) XP _027454 
inrqkrkgcUspaelirimltigdvikqUeaheqgkdidlnkvkl^ 
irtasgiavvavmckphrcpMsftgri^ 
svdkvefivmggtfoialpeeyrdyfM 
trleigvqsvyedvardtnrghtvkavcesfUakdsgfkvvahn^ 

EIp4p (4 sequences) 

122. Elp4 human (01) NP061913 

maavatcgsvaastgsavatasksnvtsfqn^gprasvtndsgprlvsiagtrpsvmgqU 

gtvlUeedkyniyspllfkyflaegivnghtUv^ 

awryqllplaneigpvsssrfghyydasknnpqelieasnw 

dgsnpql&qrnilrigiqnlgsplwgdriccaen^ 

sdvvvj^esfigseretaplykdyhglffi^ 

laesakrlgpgcgnmiaggkkhldf 

123. Elp4 human (02) BAA91212 

maavatcgsvaastgsavatasksnvtsfqn-gprasvtndsgprlvsiagtipsvmgql^^ 

gtvlheedkyniyspllfkyflaegivnghtnvasakedpam^ 

awiyqllplameigpvsssrfghy^^ 

dgsnpqkkqrniMgiqnlgsplwgddiccaengg^ 

sdvwglesfigseretnplykdyhghhkq^^ 
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laesakrlgpgcgmmaggkkhldf 

124. Elp4 human (03) CAB66612 
maavatcgsvaastgsavatasksnvtsfqrrgprasvtndsgprlvsiagt^ 
gtvllieedkyniyspllfkyflaegivnghtllvasakedpani^ 
awryqllpkmeigpvsssrfghyydasknnpqeUeasnwh^ 
dgsnpqkkqnuMgiqnlgsplwgddiccaeng^^ 
sdvw^esfigseretnplykdyhglih^ 
laesakrlgpgcgmmaggkkhldf 

125. Elp4 human (04) AAH12514 
maavatcgsvaastgsavatasksnvtsfqiT^ 
gtvlheedkyniyspllfkyflaegivnghtllvasakedpani^ 
awryqllpkmeigpvsssrfghyydaskxmpqeUeasnwhgfflpeld^ 
dgsnpqkkqrniMgiqnlgsplwgddiccaenggnshsltkflyvkgllrtsl^ 
sdvwglesfigseretnpl)4cdyhglihirqiprlnnhcdesd 
gspasaslvagitgahhhaqlifvflvemgfhh^ 
rqlletreehlssrlhltqaerlcmgiTflftafhi&elpckgdciclqtcqtq 

Ervl4p fl sequences) 

126. Ervl4p human (01) NP.054903 
meawMslldccahflsvyfiitlsdlrc^ 
niyryim\^sgmngvfdpteih^ 

Iki3p (5 sequences) 

127. Dri3p human (01) XPJ)47455 
mnilkliftlefniiqgpgnpqcfslrte^ 
esvcvatasgdvilcslstqqlecvgsvasgisvmsw^ 
vgwgrketqfhgsegrqaafqmqn^ 
glgpalawl^sgshastqdkpnqqdi^ 
qlwtvgnyhwylkqslsfstcgkskivslmw 
lvtvfftjtvvpppmctyqllfp^^ 
hlelaykiqfeimedqdvnplklgUtwieedv^ 
ccnsktksvvlqladgqifk^ 
itsfavydeflUtthshtcqcfcM^ 
hrdvlaqkkwldklmfkeafecnu-klrinl^ 
vtssvylsrdpdgnkidlvcdaimavmesinpl^ 
llUvdvnelydhslgtydfdlvlmvaeksqkdpkeylpftatlk^ 
ctohkdlodynealklyspssqqyqdisiaygehlmqelunyepa^ 
tkdqlvglgrtlagldveqrkhidaam^ 

mafldsqtatfsrhkkrUvvrelkeqaqqaglddevphgqesdlfsetsswsgsemsg 

erkkhslkegspledlaUealsewqntenlkdevyhilkv^ 

nsatpvlgpnstansimasyqqqktsvpvldaelfippkinrrtqwklsU^ 
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128. Dci3p human (02) AF153419J 
mmlklfflefhiiqgpgnpqcfslrte^^ 

esvcvatasgdvilcslstqqlecvgsvasgisvmswspdqelvllatgqqtlimm& 

vgwgrketqfhgsegrqaafqmqn^ 

glgpalawkpsgsUastqdkpnqqcHvf^^^ 

qlwtvgnyhwylkqslsfstcgksMvslmwdpvtpyrlhvlcqgwh^ 

lvtvfrqtvvpppmctyqU^hpvnqytflahpqksndlavldasn^ 

hlekiykiqfeimedqdTOpMgl^ 

ccnsktkswlqladgqifkylwe^ 

itsfavydefUl^shtcqcfckdasM 

hrdvlaqirkwldklmfkeafec^ 

vtssvylsrdpdgnkidlvcdainravmes^ 

lMvdvnelydhslgtydfd^^ 

clnlikdknlyneaMyspssqqyqd^^ 

tkdqlvglgrtiagklveqrkhidaamvle^ 

mafldsqtatfsrhkkrUvvrelkeqaqqaglddevphgqesdlfsete 

erkkhslkegsplecUalledsewqnte^^ 

nsatpvlgpnstansimasyqqqktsvpvldaelfippldnirtqwkl^ 

129. Iki3p human (03) IKAPJHUMAN 

nmilklMeMiqgpgnpqcfslrteqgtvligsehglievdpvsrevlmevslyaegflp 

esvcvatasgdvUcslstqqlecvgsvasgisvmswspdqelvllatgqqtlimmtkdf^ 

vgwgrketqfhgsegrqaafqmqn&^ 

glgpalawl^sgshastqdkpnqqdivffekn^ 

qlwtvgnyhwylkqslsfstcgkskivslm^ 

lvtvfftitvvpppmctyqll^ 

UekiykiqfennedqdvnplMgUtwieedvflavshsefsprs\^ 

ccnsktkswlqladgqiikylwespsla^^ 

itsfavydeflUtthshtcqcfckdasfktlqaglssnhvshgevJrkyergsri 

hrdvlaqirkwldklnilkeafecmrklrinln 

\^svylsrdpdgnkidlvcdamravmesinphkyclsiltshvkk^ 

lMvdvnelydhslgtydfcUvlmvaeksqkdpkeylpftotl^ 

clnlikdknlynealUyspssqqyqcUsiaygehlmqehmyepagln^ 

tkdqlvglgrtlagldveqrkMda^^ 

mafldsqtatfsrhldallvwelkeqaqqagld 

erkkhslkegspledlallealsevvqntei^^ 

nsatpvlgpnstansimasyqqqktsvpvldaelfippHnrrtqwklslld. 

130. Hri3p human (04) NPJJ03631 
mmMMefrdiqgpgnpqcfslrteqgtvUgsehghevdpvsrevkn^ 
esvcvatasgdvilcslstqqlecvgsvasgisvmswspdqelvllatgqqtlimmtkdf^ 
vgwgrketqfhgsegrqaafqmqmte 
glgpalawl^sgsUastqdkpnqqdivflfe^ 
qlwtvgnyhwylkqslsfstcgkskivsl^ 
lvtvfrqtvvpppmctyqll^hpvnqvtflahpqksndlavldasnq^ 
hlekrykiqfennedqdvnpMglltw^ 
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ccnslrtkswlqladgqifkyto 

itsfavydeflUtthshtcqcfcM 

hralvlaqkkwldklmfkeafe^^ 

\rtssvylsrdpdgnki(Uvcdamravmes^ 

llMvdvnelydhslgtydf<U^^ 

clnUkdknlynealWyspssqqyqcUsiaygehlmqehmyepagln^ 
tkdqlvglgrtlagldveqrldudaam^ 

mafldsqtatfsrhkkrUvvrelkeqaqqaglddevphgqes(Ufsetsswsgsemsg^ 

erkkhslkegspledlaUedsevvqnte^^ 

iisa^vlgpnstansimasyqqqktsvpvldaeljBippldnrrtqwklslld 

131. Dd3p human (05) AAC64258 
mrnlklfrtlefrdiqgpgapqcfsliteqgtvUgsehgUevdpvsrevto 
esvcvatasgdvilcslstqqlecvgsvasgisvmswspdqelvllatgqqtlimm 
vgwgrketqfhgsegrqaafqmqmhesalpwdd^ 
glgpalawl^sgstiastqdkpnqqdivffe^ 

qlwtvgnyhwylkqslsfstcgkskivslmwdpvtpyrlhvlcqgwhylaydwh 

lvtvfrqtvvpppmctyqll^hpvnqvtflahpqksndlavlda^ 

UekrykiqfemedqdvnpMglltwieedvflavshsefsprsvihhlte 

ccnsktksvvlqladgqifkylw^ 

itsfavydeflUtthshtcqcfc^^ 

hralvlaqkkwldklinfkeafecimklrirto 

vtssvylsrdpdgnkidlvcdamravme^^ 

llUvdvnelydhslgtydfdlvlmvaeksqkdpkeylpflntlkkmeta^ 

clnlikdlailyneaMyspssqqyqdisiaygehlmqelmiyepaglm 

tkdqlvglgrtlagklveqrkhidaam 

mafldsqtatfsrhkkrllvvrelkeqaqqaglddevphgqesdlfsetssvvsg 

erkldislkegspledlalleate^ 

nsatpvlgpnstansimasyqqqktsvpvlfo^ 

Kcslp (4 sequences) 

132. Kcslp human (01) XP_084209 
mwqnsadagdmragvqlepflhqvgghmsvn^^ 
ghlslvanpvkesqepfkvstesaavdwqtlqqtt^^ 
tngnqverksfopwglqchqahlricseype^ 
qstsaclgvricgmqvyqtdkkyflckdkyygrklsvegfrqalyqflhngsh 
fysssUviydgqepperapgsphpheapqaahgsspggltto^ 
rilqdiqege 

133. Kcslp human (02) AF3938 

mwqnsadagdmragvqlepflhqvgghmsvir^ydehtvckplvsreqrfyeslpq 

tghlslvanpvkesqepfkvstesaavaiwqtlqq 

tngnqverksfopwglqchqahltrlcse^ 

qstsaclgvricgmqvyqtdkkyflckdkyy^ 

fysssUviydgqepperapgsphpheapqaahgsspggltkvdiri^ 
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rilqdiqege 

134. Kcslp human (03) NIM73452 
maatdpcqwphaqlarspkespakd^ 
flUenvvsqytopcvldlkmgtrqhgd^ 
egfhjdyqfllmgshlrrellepiUqk^^ 
ggltkvdirmidfahttykgyvmehttydgpdpgjd^ 

135. Kcslp human (04) XP_Q28610 
nddgnsglssekishnpwskchkqqism^ 
rkceqstsatlgvivcgmqvyqldt^yl^^ 
asyrfysssllviydgkecraescldrrseimik^^ 
kgfrddptvhdgpdrgyvfglenlisimeqmrdenq 

Ktil2p (4 sequences) 

136. Ktil2p human (01) XP053554 
mplvvfcglpysgksrraeelrvalaae^ 

tayikgfiyelyclaraartplclvycvipggpiagpqvaganenpgmvsvsw^ 
vvngsaqadvpkelereesgaaespalvtpdseksata^ 
lagirsalfenrappphqstqsqplasgsfmqldqvtsqvlaglmeaqksavpg 
lnrqfisytkmhpiinenlpqlanmflqylsqslh 

137. Ktil2p human (02) NP_612426 
mplvvfcglpysgteiraeeWalaaegra^ 

Inyikg^elyclaraartplclvycvrpggpiagpqvaganenpgmvsvswrp 
vvngsaqadvpkelereesgaaespalvtpdseksakhgsgaf^ 
lagirsalfemappphqstqsqplasgsfmqM 
lrrqiBisytknihpnneidpqlanmflqylsqslh 

138. Ktil2p hunian (03) AAH12173 
mplvvfcglpysgk^aeelrva^ 
lnyikgfiyelyclaraartplcl^ 

vvngsaqadvpkelereesgaaespalvtpdseksaHigsgafyspeUealthfeap^ 

lagirsalfenrappphqstqs^lasgsftoqM^^ 

ln-qfisytkmhpmienlpqlaninflqylsqslh 

139. Ktil2p human (04) AF327348_1 

mplwfcglpysgksrmeelrvalaaegravyvvddaavlgaedpavygdsarekak 

lnyikgffyelyclaraartplclvycvip^^ 

vvhgsaqadvpkelereesgaaespalvtpds^ 

lagirsalfemappphqstqsqplasgsflhqldqvtsqvlaglmeaqksavpgdlltlp^ 
lrrqjBsytkmhpnnenlpqlanmflqylsqslh 

Lsmlp (9 sequences) 
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140. Lsmlp human (01) NP_055277 
mnympgtashedidkkMvlkdgrtUgfe^ 
kesdtplqqvsieeileeqrveqqtldeaeklkvqalk^ 

141. Lsmlp human (02) AAB62189 
nmympgfasUedidlddilvllrdg^ 
kesdtplqqvsieeileeqrveqqtldeaeklkvqaUcdrglsipradtldey 

142. Lsmlp human (03) CAB45865 
nmympgtasUedidlddilvllrdgrtligflrsidqfanlvlhqtv^ 
kesdtplqqvsieeileeqrveqqlMeaeklkvq^drglsipradtldey 

143. Lsmlp human (04) AAH01767 
imiympgtasliedidlddilvllrdgrtligfhsidqfardvlhqtve 
kesdtplqqvsieeileeqrveqqtldeaeldkvqalkdrglsipradtldey 

144. Lsmlp human (05) NP_057284 
mtsalenyinrtvavitsdgrm^ 
ldlgniraeplnsvah 

145. Lsmlp human (06) AAD15542 
mtsalenyinrtvavitsdgrmivgtlkgfdqtinUldesher^ 
ldlgniraeplnsvah 

146. Lsmlp human (07) AAD56232 
mtsalenyinrtvavitsdgrmivgtlkgfdqtinhldesheivfsss 
ldlgniraeplnsvah 

147. Lsmlp human (08) AAH02742 
mtsalenyinrtvavitsdgnnivgt^^ 
ldlgniraeplnsvah 

148. Lsmlp human (09) AAH22440 
mtsdenyiiulvavitedgimivgt 
ldlgniraeplnsvah 

Mad2p (6 sequences) 

149. Mad2p human (01) NP.002349 
malqlsreqgitlrgsaeivaeffsfginsttyqr 

vqUvvvisniesgevlemqfdiecdktakddsapreksqkaiqdeirsvirqitatvffl 
lvvpekweesgpqfitnseevrksftttihk\^ 

150. Mad2p human (02) 18655665 
xsitkgsaeivaeffsfginsilyqrgiypse 
sniesgevlerwqf<hecdktakddsapreksq^ 
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esgpqfitnseevrlrsftttihkvnsmvaykipvnd 

151. Mad2p human (03) 7245371 
gsitlrgsaeivaeffsfgmsil^ 

sniesgevlerwqfdiecdktakddsapreksqkaiqdeirsvkqitatvtfl^ 
esgpqfitnseevrlrsftttihkvns 

152. Mad2p human (04) XP_058210 
malqlsreqgitkgsaeivdefM 
vqklvwisniesgevler 

153. Mad2p human (05) XP_091252 
mldgqspllisvprqqlrtlpgshvylqlged^ 
pgfefpprrcfftesptoalpqgssifskfi^ 
eknehstaataaanlypinxiarta^ 
esvpvthsnvtaqaitrdtciqhkaaaqg^ 
hfhtYtdealrtslvcaaawecltlaldgtpptgu^ 
lhqcafevctvyj^gstrggflcg^ 
lfqhgiypsgtftpvwkygltUvto^ 
dhlgpre 

154. Mad2p human (06) XPJ)85141 
malqlsreqgithrgsaeivdeffsf^^ 
rklfimksvqssdrsqlq 

Mcklp (7 sequences^ 

155. Mcklp human (01) NPJJ63937 

msgggpsgggpggsgrartssfaepggggggggggpggsasgfiggtgggkasvgamgggvgasssgggpggsgggg 

sggpgagtslpppgvklgrdsgkvttvvatl^^ 

elqimrkldhcnivrlryf^ 

chrdilq)qnllvdpdtavlklcdf^ 

pgdsgvdqlveiikvlgtptreqto 

sffdekclgtqlpnniplpplftf^ 

nss 

156. Mcklp human (02) P49840 
msgggpsgggpggsgrartssfaepggggggggggpggsasgp^ 
sggpgagtsfpppgvMgrdsgkvtlAr^ 
elqimrkldhcmvrlryffyssgeldcdelylnlvley^ 
chrdikpqnllvdpdtavlldcd^ 
pgdsgvdqlveiikvlgtptreqiremn^ 
sffdefrclgtqlpnniplpplMsag^ 

nss 
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157. Mcklp human (03) AAH0025 1 
msgiprttsfaesckpv^ 
lvaildcvlqdkrflairelqiiiixlddhcm 
ymyqlfrelayihsfgictodi^ 
wsagcvlaelUgqpifpgdsgvdqlveiikvl^ 
rtppeaialcsrDeytptarllpleacahsffdelrdpnvldpngrdtp 
astptnataasdantgcfrgqtnnaasasasnst 

158. Mcklp human (04) 18158777 
msgrprttsfaesclqwqqpsafgsmkvsr^^ 
lvaikkvlqdkrfknrelqimrkldhcnivrl^ 
ymyqlfolayihsfgichrdikpqn^ 
wsagcvlaelllgqpiipgdsgvdqlveiikvlgty^ 
leytptarltpleacahsffdek^^ 
ntgdrgqtnnaasasasnst 

159. Mcklp human (05) 18655516 
skvttvvatpgqgpdipqevsjrtdtkvigngsfgv^ 
flfyssgekkdevyMvldyvpetvyrvarhysrakqtlpviyvklymyql^^ 
vMcdfgsakqlwgepnvsyicsryyrapelifgatdytssidvwsagcvlaelUg 
tptreqirenmpnytefafy 
dtpalfiifttqelssnpplatiUpphari 

160. Mcklp human (06) 18655515 
skvttvvatpgqgpdipqevsytdtkvigngsf 
ffyssgeldcdevylnlvldyvpeh^ 

vlklcdfgsakqlvrgepnvsyicsryyrapelifgatdytssidvwsagcvlaelllgqpi^ 

tplreqkemnpnytefaipqikahpwt^ 

dtpal&fttqelssnpplatilipphariqa 

161. Mcklp human (07) NP_002084 
msgiprttsfaesckpvqqpsafgsmkvsr^ 
lvaikkvlqdkrfknrelqiimkldhcm 

ymyqlfelayihsfgichrdikpqnllldpdtavlklcdfgsakqlwgepnvsyics^ 
wsagcvlaeUlgqpifpgdsgvdqlveiikvl^ 
leytptarltpleacahsffdekdpnvkhpngr^^ 
ntgdrgqtnnaasasasnst 

Natlp (2 sequences) 

162. Natlp human (01) NP_476516 
mpavslppkenalfkrifrcyehkqym^ 
vcwhvygllqrsdkkydeaikcymalkwdkdnlqiW^ 
ledyemaakileefrktqqtspdtodyey^ 
edaadvyrglqempenwayykglekalkpanmlerM 
gc^pvffttlrelykdkek^ 
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iestpttielflvkakiykto^ 

emqcmwfqtecaqaykami^ 

aieiylklhdnpltdenkeheadtanmscft^^ 

eUpeklakvetpleeaildltplknlvknkiethl^^ 

ceskdlsdtvrtvlkqeinnrlfgatnpknfiaetflk^ 

tcmevlealydgslgdckeaaeiyranchklfp^ 

163. Natlp human (02) NP_079361 
mpavslppkenalfkrikcyehkqymgM^ 
vcwhvygllqredkkydeaikcyma^ 

ledyemaakileefrktqqtspdkvdyeyseUlyqnqvkeaglyrealeMctyekqicdMav 
edaadvyrglqempenwayykglekalkpaimilerlldyeeawtkyp 
gcppvMkslykdkekvaiieelwgyets^ 
iestpthelflvkakiykhagnikeaarwm 
emqcmwfqtecaqaykamiikfgealkkcheierkslmtsltf& • 

Nat3p (4 sequences) 

164. Nat3p human (01) CAB66576 
mttlraflcddlfrfaninldpltetygipfylqylahwpeyfivavapggelm 
peMglaaklmelleeiserkg^fvdlfvr^ 
ekksiiplphpvrpedie 

165. Nat3p human (02) NP_057184 
mttkaftcddliWhnMdpta 

peMglaaklmelleeiserkg^fvdlfvrvsnqvavnmykqlgys 
ekksiiplphpvrpedie 

166. Nat3p human (03) CAC01670 
nldpltetygipfylqylahwpeyfivaeapggelmgyimgkaegsv^eew 
iserkgg^dlftrvsnqvavrm^ 

167. Nat3p mouse (04) AAH27219 
mnimaipedlnmmqhcnllclpe 
krshnlglaqklmdqasramienfhak^ 

asgpgsscllsgdlgpvsfhplpsgllaaaea^pgaegkgqahgsgglgeqsgeqrqrafelrrgls 
Nup84p (1 sequence) 

168. Nup84p human (01) NP_065134 
mdrsgfgeisspvkeaevtxtarkqsaqki^ 
gtggksprltqssgffgnlsmvtiJd^^ 
sflkhsssfrfcUveeyenicgsqvnils^^ 
avtavnasektvvealfqrdslvrqsqlwdwlesiakdeigefsdniefy^ 
teldpdapirqfanplddldredewllkylftliragmteeaqrlcto^ 
npyrriwlriscwnnaedelfhryeraiy^^ 
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eylganwtlekvfeelqatdldaTleen^ 

glqtkeevsievlktyiqllire^ 

eiikkkdngefshhdlapaldtgtteedrlMdvidwlvfdpaqra^ 

aeiynqceeqgmesplpaeddnakehlcirayleahetfh^^ 

giwk^daltadvkekmynvllfvdggwmvdvredakedherthqm 

mvsserMylvfskeeliMlqkkesslmlldqgldplgyeiql 

Pho23p (44 sequences) 

169. Pho23p human (01) XP_057109 
msfvecpyhspaerlvaeadeggpsaitgmgl^ 
rcgwfsswpppsksaipigggsrgagnrsrwppphw 
pipagpairqfqaaslltrgwgrawpwk^^ 
lvenrtrqvdshvelfeaqqelgdtagn^ 
ekkaktskkkkrskakaereaspadlp^ 
crgenektmdkalekskkeraynr 

170. Pho23p human (02) BAA82887 
msfvecpyhspaerlvaeadeggpsaitgm 
rcgvtfsswpppsksaipigggsrgagrcsrwppphwlea^ 
prpagpanqfqaasUtrgwgrawpwkqilkelte^ 
lvenrtrqvdshvelfeaqqelgdtvgnsg^^ 

ekkaktskkkkrskakaereaspadlpidpneptyclcnqvsygeimgcdndeq^ 
crgenektmdkalekskkeraynr 

171. Pho23p human (03) NP^005528 
msfvecpyhspaerlvaeadeggpsaitgmglcfr^ 
rcgwfsswpppsksdpigggsrgagirsrwppph^^ 
prpagparrqfqaasUtrgwgrawpwkq^ 
lvenrtiqvdshvelfeaqqelgdtagnsgj^ 
ekkaktskkkk^akaereaspadlpidpneptyclcnqvsygemigc^ 
crgenektmdkalekskkeraynr 

172. Pho23p human (04) AF181849_1 

msfvecpyhspaerlvaeadeggpsaitgmglcfrcUfsfsgrsgvegg^dlnvfgslglqpw^ 

rcgwfss\^ppsksdpigggsrgagiTsrwppphw 

prpagparrqfqaasUtrgwgrav^wkqilkeldecyerfsretdgaq 

lvenrtrqvdshvelfeaqqelgdtagnsgkagad^ 

ekkaktslddckrskakaereaspadlpidpnept 

crgenektmdkalekskkeraynr 

173. Pho23p human (05) BAB08102 

msfvecpyhspaerlvaeadeggpsaitgmglcfrcllfsfsgrsgveggiTdlnvfgslglq^ 
rcgwfcswpppsksaipigggsrgagrcsrwppph^ 
pipagpanqfqaaslltrgwgrai^^ 
lverutrqvdshvelfeaqqelgdtagnsgta^ 
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ekkaktskWdo^kakaereaspadlpidpneptyclcnqvsyge^ 



174. Pho23p human (06) AF074968J 
mlyledylemieqlpmdfrdrftemre^ 
dekvqlanqiydlvckhkkldqelak^ 
ipekkfksealMtsdaskentlgcrniuist^ 
egrrtsslkasyeafbmdfqlgkefsmaretvgyssssal^ 
slsscsssstvvqeisqqttvvpesdsnsqvdwlydpneprycicnqvsyg^^ 
kwycpqctaamkrrgsrhk 

175. Pho23p human (07) NPJJ61944 
mlyledylemieqlprndhdrftemrem^^ 
del^qlanqiydlvckhkMdqelakf^ 
ipekkftseallstltsdaskentlgcrnim^ 
egrrtsslkasyeafkiuidfqlgkef^ 

slssssssstwqeisqqttvvpesdsnsqvdwtydpneprycicnqvsygemvgcdnqdq)^ 
kwycpqctaamkrrgsrhk 

176. Pho23p human (08) BAA90942 
mlyledylemieqlprndhdrftenn-emd^ 
dekvqlanqiydlvchhkkldqelak^ 
ipekkfeeaUstltsdaskentlgcmimstassmiaynvns 
egrrtsslkasyeafknndfqlgkefsmaretvgyssssalmttltqnasssaadsrsgrksk^ 
slssssssstwqeisqqttvvpesdsnsqvdwtydpneprycicnqvsygemvgcdnqdcpiewfhygcvglte 
kwycpqctaamkrrgsrhk 

177. Pho23p human (09) AAG23285 
mlyledylemieqlpmdkdrftemre^^ 
del^qlanqiydlvdrhkkldqela^ 
ipekk&seallsfltsdaskentlgcnmnstassimaynvnssqplgsjm 
egntsslkasyeafknndfqlgkefsmaretvgyssssalmttltqnasssaadsrsgr^^ 
slssssssstwqeisqqttvvpesdsnsqvdwtydpnepryci^ 
kwycpqctaamkrrgsrhk 

178. Pho23p human (10) AAC12956 
ieqlpmdkdrftemremdiqvqnamdqleq^ 
dlvdrhfrlddqelakfkmeleadna^^ 

Ustltsdaskentlgcrnimstassnnaynvnssqplgsynigslssgtgagaitmaaaqavqato 
syeaflamdfqlgkefemaretvgyssssal 

wqeisqqttv^esdsnsqvdwtydpneprycicnqvsygemvgcdnqdcpiewfhygcvglte 
aamkrrgsrhk 

179. Pho23p human (1 1) XP_006980 
maagmylehyldsieidpfelqrnfqli^^ 

dkvqlamqtyemvdkhin-ldtdlarfeadlkekqiessdydsssskgrtqkekkaar^ 
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vrtspeygmpsvtfgsvhpsdvldmpvdpneptyclchqvsygemigc^ 
qerkkk 

180. Pho23p human (12) NP_057246 
maagmylehyldsienlpfelqrnfql^ 
dkvqlamqtyemvdkhk^ 

kMvrtspeygmpsvtfgsvhpsdvldmpvdpneptyclchqVsygem 
prcsqerkkk 

•. 

181. Pho23p human (13) AAD48585 
maagmylehyldsienlpfelqmfqlmr^^ 
dkvqlamqtyemvdkhirrldtdlarfeadlkekqiessdydssssk 
klklvrtspeygmpsvtfgsvhpsdvl^^ 

prcsqerkkk 

182. Pho23p human (14) AAH0778 1 
maagmylehyldsienlpfelqnrfqto 
dkvqlamqtyemvdkhin-ldtdlaifeadlkekqiessdydsssskg 
kMvrtspeygmpsvtfgsvhpsdvldmpvdpneptyclchqvsygemigcdnpdcsiewf^ 
prcsqerkkk 

183. Pho23p human (15) AF156552_1 
maagmylehyldsienlpfelqnrf^ 
dkvqlamqtyemvdkhhxldtdl^ 
kMvrtspeygmpsvtfgsvhpsdvldmpvdp^^ 
prcsqerkkk 

184. Pho23p human (16) AAH13038 
mrcUdqrtedlkaeidklateym 
eadlkekqiessdydsssskgkksrtqkekkaararskg^ 
mpvdpneptyclchqvsygemigcdnpdcsiewfl^ 

185. Pho23p human (17) AAB60879 
mplctatfpiyssssdpgpvargrgcssdrlp^ 
qknmlhcvqralirsqelgdekiqivsqmve^ 
nskrsixqnmenrenassnhdhdd 
cdndecpiewMscvgltMpkgk^ 

186. Pho23p human (18) AAG02579 
yssssdpgpvgrgrgcsscMpipagpairqfqaash^ 

alirsqelgdekiqivsqmvelvenrtrqvdshvelfeaqqelgdtagnsg^agadipkgeaaaq^ 

enrenassnhdhddgasgtpkekkaktskldcla^kakaereaspadlpidp 

afscvglrihkpkgkwycpkcrgenektmdkalekskkeraynf 

187. Pho23p human (19) AAC00501 
mlspangeqlhlvnyvedyldsieslpfd^^ 
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sqelgdekiqivsqmvelvenrt^ 

nassnhdhddgasgtpkekk^ 

cvglnhkpkgkwycpkCT^ 

188. Pho23p human (20) BAA82886 
mlspangeqlldvnyvedyldsieslpf^ 
sqelgdekiqivsqmvelvemtrqvds^ 
nassnhdhddgasgtpkeldca^ 
cvglnhkpkgkv^^ 

189. Pho23p human (21) i AF149721 J 
mlspangeqlltivnyvedyldsieslpfdlqmvsto 
sqelgdekiqivsqmvelvenrtrqvdshvelfeaqqelgdtvgnsgkvgadrpngd 
nassnhdhddgasgtpkekkakts^^ 
cvglnhlq)kgkvvycpkcrgenektmdk^ 

190. Pho23p human (22) AF181850J 
mlspangeqMvnyvedyldsieslpfdlqmvsl^ 
sqelgdekiqivsqmvelvenrtrqvdsh^ 
nassnhdhddgasgtpkekkaktsklddcrskakaereaspadlpi^^^ 
cvglnhkpkgkwycpkcrgenektmdkdekskkeraynr 

191. Pho23p human (23) BAB08101 
mlspangeqlhlvnyvedyldsieslpf<U^ 

sqelgdekiqivsqmvelvemtrqvdshvelfeaqqelgdtagnsgkagadrpkgeaaaqadkp 
nassnhdhddgasgtpkeldcaktskkkkrekakaerisaspadlpidp 
cvghMpkgkwycpkcrgenektmdkalekskkeraynr ■■ 

192. Pho23p human (24) AF078835_1 
mlspangeqlltivnyvedyldsieslpfdlqm 

sqelgdekiqivsqmvelvenrtrqvdshvelfeaqqelgdtagnsgkagadrpkgeaaaqadkpnsk^ 

nassnhdhddgasgtpkekkakte^^ 

cvglnhlq)kgkv^cpkcrgenektiridkdekskkera^ 

193. Pho23p human (25) AAG12175 
mlspangeqlhlvnyvedyldsieslpfdl^^ 
sqelgdekiqivsqmvelvenrtrqvdsh^ 

nassnhdhddgasgtpkekkaktskkkkrskakaereaspadlpidpneptyclra^ 
cvglnhkpkgkwycpkcrgenektmdkalekskkeraynr' 

194. Pho23p human (26) CAC38067 . 
mlspangeqMvnyvedyldsieslpfcUqmvsta 
sqelgdekiqivsqmvelvenrtrqv^ 
nassnhdhddgasgtpkekkaktskkWaskakaereas^ 
cvglnhkpkgkv^cpkcrgenektmdkaleksldcCT^ 
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195. Pho23p human (27) AAG02578 
mlspangeqMvnyvedymdsieslpfdlqmvslrnreidakyqe^^ 
sqelgdekiqivsqmvelvenrtrqvdshvelfeaqqelgdtagnsgkagad^ 
nassnhdhddgasgtpkeWc^^ 
cvgbhkpkgkwycpkcrgenektmdkaleks^ 

196. Pho23p human (28) BAA82889 
ilkeldecyerfsretdgaqkmi^ 
gkvgadrpngdavaqsdkpnskrsrrqrnne^ 
pneptyclcnqvsygemigcdndecpiewM 

■. 

197. Pho23p human (29) BAA83462 
mlhcvqralirsqelgdekiqivsqmvelw^ 
srrqnmemenassnhdhddgasg^^ 
ecpiewfhfscvglnhkpkgk^ 

198. Pho23p human (30) BAA83496 
mlhcvqralksqelgdekiqivsqmvelv^^ 
snrqrnnemenassnhdhddgasgtpkeldcaktskkkkrskakaereaspadl^^^ 
ecpiewfhfscvglnhlq)kgib^^ 

199. Pho23p human (31) AF.149722_1 
mlhcvqraUrsqelgdekiqivsqmveW^ 
srrqnmenrenassnhdhddgasgtpkekkaktskkkkrsk^ 
ecpiewfhfscvglnhkpkgkwy^ ■■ 

200. Pho23p human (32) AF149723J 
meilkeldecyerferetdgaqkmnlhcvqralirsqelgdeki^ 
nsgkvgadipngdavaqsdl^nskrsrrqrnnenrenassnhdhddg^ 
pidpneptyclcnqvsygemigcdndecpiew^ 

201. Pho23p human (33) AF063594J 
maagmylehyldsiedpfelqrnfqlmrdldqrtedlkaeidklateymss^ 
dkvqlamqtyemvdkhirrM^ 

lklvrtspeygmpsvtfgsvhpsdvldmpvdpneptyclchqvsygemigcdnpdcsiewM^ 
aaprteeridkglgfqhsffhip 

202. Pho23p human (34) XP_029280 
meilkeldecyerfsretdgaqkrnnlhcvqralirsqelgdekiqivsq 
nsgkagadipkgeaaaqadlq)nskrsrrqrnnemenassnhdhddgasg1pk^ 
idpneptyclcnqvsygemigcdndecpiewM 

203. Pho23p human (35) BAB08103 
mlhcvqralirsqelgdekiqivsqmvelven^^ 
srrqrnnemenassnhdhddgasgtpkekkaktskkld^ 
ecpiewfhfscvglnhkpkgjcwycpkcrgeneldmdkd 
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204. Pho23p human (36) NPJ 15705 
matamylehyldsienlpcelqmfqta 
dkvqlamqtyemvdkhirrldaffl 
gseftdtilsvhpsdvldmpvdpneptyclchqTO^ 

k 

205. Pho23p human (37) AF1 89286 J 
matamylehyldsienlpcelqmfqlnrreldqrtedkkaeidilaaeyistv^ 
dkvqlamqtyemvdkhirrldadlarfeadlkdkmegsdfe^ 
gseftdtUsvhpsdvldmpvdpneptyclchqvsyge^ 

k * ' 

206. Pho23p human (38) BAB85078 
matamylehyldsienlpcelqmfqlm^ 
dkvqlamqtyemvdkhirrldadla^ 
gseftdtilsvhpsdvldmpvdpneptyclchqvsy 

k * ' . 

207. Pho23p human (39) NPJ)01555 
mlgqqqqqlyssaaUtgersrUtcyvq^ 
rlqqllqralinsqelgdekiqivtqi^ 
rdlchmangiedcddqppkekksksakkk^ 
hfscvsltykpkgkwyq)kcrgdnektmdkstekt^ ; 

208. Pho23p human (40) BAA36419 . 
mlgqqqqqtyssaaUtgersrUtcyvqdy 

rlqqUqralinsqelgdekiqivtqmlelveiirarqmelhsqcfqdpaeserasd^ 

rdlchmangiedcddqppkekksksak^^ 

hfscvsltykpkgkv^cpkcrgfo^ 

209. Pho23p human (41) AF053537_1 
mlgqqqqqlyssaaUtgersrlltcyvqdylecveslphcbnqmvsvheldiik^ 
rlqqUqralinsqelgdekiqivtqinlelvenrarqmelhsqcfqd 
rdlchmangiedcddqppkekl^ksakkkkrskakqereaspv 
hfscvsltykpkgkwycpkcrgdnekta 

210. Pho23p human (42) AAG11396 
mlgqqqqqlyssaaUtgersrtttcyvqdyle^ 
rlqqllqriinsqelgdekiqivtqi^efr^ 
rdlchmangiedcddqppkekksksakkk^ 
hfscvsltykpkgkwycpkcrgdnektmdkstektkkdm 

211. Pho23p human (43) CAC20567 

mlgqqqqqlyssaalltgertrUtcyvqdylecveslphdmqmvsvlreldnkyqetlke^ 
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rlqqUqralinsqelgdekiqivt^^ 

rdlchmangiedcddqppkekksksakkk^ 

hfscvsltylq)kglcwycpkcrgdnektmdkstekto 

212. Pho23p human (44) AAH05370 
matamylehyldsienlpcelqmfqlmreldqrtedkkaeidilaaeyi^ 
dkvqlamqtyemvdldiirrldadlarfead^ 
gseMtilsvhpsdvldmpvdpneptyclch^ 

Pod2p (18 sequences) 

213. Pop2p human (01) NP_004770 
mpaalvensqvicevwasnleeemrkireivpsysyiamdte^gvvvipigefo 
ftnekgeypsgintwqfofkiUte^ 
dfgymvklltdsrlpeeehef^ 

mkelffedsiddatycgrlygl^^ . 

214. Pop2p human (02) AAD02685 

mpaalvensqvicevwasnleeemrkireivpsysyiamdtefygvvvrpigefe 
ftnekgeypsgintwqfofldhlte^ 
dfgymvklltdsrlpeeeheflMlidfspsiydvkylmkscla^ 
mkelffedsiddatycgrlyglgt^ 

215. Pop2p human (03) CNT8 JIUMAN 
mpaalvensqvicevwasnleeemri^ 
ftnekgeypsgintwqMkMtedmysqdsidUansglqfqkheee 
dfgymvMltdsrlpeeehefifo^ 
mkelffedsiddal^cgrlyglg^ 

216. Pop2p human (04) T34529 
mpaalvensqvicevwasnleeemrk^ 
ftnekgeypsgintwqfiifkfeltedmysqdsidllansglqfq^ 
dfgymvldltdsrlpeeehefM 

mkelffedsiddal^cgrlyg^ • 

217. Pop2p human (05) CAB59181 
mpaalvensqvicevwasnleeemrkirew^^ 
fhiekgeypsgintwqfhfldW^ 
dfgymvklltdsrlpeeeheffhiln^ 

mkelffedsiddakycgrlyg^ ' 

218. Pop2p human (06) AF1 80476_1 
mpaalvensqvicevwa^eeemrkireivlsys)^ 
ftnekgeypsgintwqfiifkMtedmysqdsidllansglqfq^ 
dfgymvktttdsrlpeeeheffW 
mkelffedsiddafycgrlygl^ 
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219. Pop2p human (07) AAH08916 
mpaalvensqvicewasnleeeimlrireivlsysyi^ 
ftaekgeypsgmtwqfhfkM 

dfgymvkUtdsrlpeeeheffhihri^ 
mkelffedsiddakycgrlyglgtgvaq^ 

220. Pop2p human (08) AAH17366 
mpaalvensqvicevwasnleeemrkkeivlsysyiamdtefygvvvrp 
ftnekgeypsgintwqMkMtedmysqdsidllansglqfqkheeegidtMae 
dfgymvkUtdsrlpeeeheffhilnlfl^siydvkylm^ 
mkelffedsiddatycgrlyglgtg^ 

221. Pop2p human (09) BAB15119 
mpaalvensqvicewasnleeem^ 
ftnekgeypsgintwqfhfkfhltedmysqdsi^^ 
dfgymvkUtdsrlpeeeheffhilri 
mkelffedsiddatycgjlyglgt^ 

222. Pop2p human (10) CNQ7JIUMAN 
mpaxtvdhsqricevwacnldeemkkirqvirkynyvamdtefygvy 
fhmeqgeyppgtstwqMkfhltedm 
dfgylikiltnsnlpeeeldffeik^ 
mremffedhiddakycghlyglgsgssyvqngtgnayeeeankqs 

223. Pop2p human (11) NPJ)37486 
mkkirqvk^yvamdtefj^ 

tedmyaqdsiellttsgiqflddieeegietqyfaellmtsgvvlcegvkw^ 

iklfifrviydvkylmkscknlk^ 

sgssyvqngtgnayeeeankqs 

224. Pop2p human (12) L46722J 
mkkirqvirkyny^^ 

tedmyaqdsiellttsgiqflddieeegietqyfaellmtsgvv^ 

iklf^viydvkyhnkscknlkgglqevaeqlelerigpqhqagsdsUtgm 

sgssyvqngtgnayeeeankqs 

225. Pop2p human (13) AAH07315 
mpaatvdhsqricevwacnldeem^ 
imneqgeyppgtstwqfcfk^ 
dfgyHkillnsnlpeeeldffe^ 
eankqs 

226. Pop2p human (14) XP_005074 
mklrihqvirkynyvamdtei^ 
tedmyaqnsiellttsgiqfkkhdeegietqyfaeto 



Figure 4 



WO 03/094847 PCT/US03/14382 

50/107 

ikmpviydvkylmksckhlkdglqevaeqlelarigpphqagsksm 
sgssyvqngtgnayeeeankqs 

227. Pop2phuman(15)NP_473367 
mklrirqvirl^^ 

tedmyaqdsieUttsgiqflddieeegietqyfaellmtsgvvlcegv^ 
iklflfrviydvkyta^ 

228. Pop2p human (16) XP.093 120 
mpaatvhhsqricevwacnvdeemkkihq 
^eqgeyppgtstwqMkffltedmyaqnsieUttsgiqflddi 
nfgylikmltnsnlpeeeldffe^^ 

229. Pop2p human (17) XPJ)60082 
myvkUsssghkvivkreyavtsitikamlsgpaatvahspricevwac^ 
pireksnpdyqyqUqcnvdflkiiqlgltfiimeqgeyppgtstw^ 

230. Pop2p human (18) XP_039984 
mrresillesilgssisnltlqrtctpri^^ 
gymvklltdsrlpeeeheffhiW^ 

elffedsiddakycgrlyglgtgvaqkqnedvdsaqekmsilaiinnmqq 
Puf6p (9 sequences) 

231. Puf6p human (01) BAA02808 
mweilirkdcdkekrvklmsd^ 

kflmygskpqiaeiirsfkghvrkmkhaeasaiveyayndkaUeqrnmlteety 

klelimdemkqUtpmaqkeavikhsto 

ImvktmktyvekvangqysWvllaafdciddtklvkquiseii 

vlqkgdgnahskkdtevmellesispa^ 

gkdgelWaehpagMvlkwHeqdkk^ 

alksliptlektkstskgieilleklst 

232. Puf6p human (02) Y020 JIUMAN 
mweitokdcdkekrvklmsdl^ 
kflmygskpqiaeiirsfkghvrk^ 
Melimdemkqiltpmaqkeavikhslvhkvfldfftyappkhsem 
kvivktmktyvekvangqyshlvllaafdciddtklvkqiiiseiissl^ 
vlqkgdgnahskkdtevnrellesispdlsy^^ 
gkdgelhiaehpaghlvlkwlieqdklanke 
alksliptlektkstskgieUleklst 

233. Puf6p human (03) NPJ)55693 
mweilrrkdcdkekivklmsdlqW^ 

kflmygskpqiaeiirsfkghwkmkhaeasaiveyayndkaUeqi^ 
Idelimdemkqiltpmaqkeavikhs 
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kvivktmktyvekvangqysMvllaafdd^^ 
vlqkgdgnahskkdtevrnreU^^ 
gkdgelluaehpaghlvlkwUeqdkbnkengreg 
alksliptlekflcstskgieilleklst 

234. Puf6p human (04) AAH16137 
mweikrkdcdkekrvkta^ 
kflxnygsl^qiaeiksfkghvrkinkhaeasaiveyay^ 
klelimdemkqiltpmaqkeav^ 
kvivktmktyve^ 

vlqkgdgnahskkdtevnrellesispallsylqehaqevvldksacvlvsdilgsa 

gkdgelhiaehpaghlvlkwlieqdkkmkengregcM 

alksliptlektkstskgieilleklst 

235. Puf6p human (05) AF272350J 
rfrkgnfgtrdaetdgpekgdqkgjcaspfeedqnrdlkqgddddskingrglpn 

lgpntnpsegtgplpnptankplveefi^^ 

altvqqltaaqqqqyalaaaqqphiagvfsaglapaaf^^ 

wgvypanlfqqqaaaaaimtasqqaasqaqpgqqqvlragagqrpllpnqgqqgqqaerf 

mpgyqvlaptayydqtgalwgpgartglgapvrlmaptpvlissaaaqaaaaaaaggtass 

qqqqpstnlqsnsfygsssltassqssslfshgpgqpgste^ 

aeakyrsasstsslfssssql^psrlrynre^ 

eratpaerqmv&eilqaayqlmtdvfgnyvi^ 

semvkeldghvlkcvkdqngnhw^^ 

qhteqlvqdqygnyviqhvlehgrpedksldvseirgk^lalsqhkfasnwekcv^ 
alytmmkdqyanywqkmidmaepaqrld 

236. Puf6p human (06) BAA19665 . 
efsnpetqnldameqvgleslqfdyp^ 
agvfsaglapaafvpnpyiisaapp^dp^aaglaaaatlagpavvppqyy 
asqaqpgqqqvhagagqrpltpnqgqqgqqaeslaaaaaanptlafgqglatgmpgyqvlapta^ 
tglgapvrlmaptpvlissaaaqaaaaaaaggtassltgstngl^^ 
ssslfshgpgqpgstslgfgsgnslgaaigsalsgfgssggltngsgryisaapgaeakyre 

rlrynrschmpsgrsrlledfirnm^ 

vfgnyviqkffefgsldqklalatrir^vlpldqmygcrviqkalesissdqqs^v^ 

kciecvqpqslqfiidafkgqvfvlslhpygcrviqrilehctaeqtlpi 

edkskivsek^lalsqhkfasnw^ 

aqrlriimhkirphittk^^ 

237. Puf6p human (07) NP_056132 
mnhdfqalalesrgmgeUptld^ 

dlsprsesgglgvsmveyvlssspadkldsrfrkgnfgtrdaetdgpekgdqkgkaspfe 

glpngmdadckd&rtpgsrqasptewerlgpntnpseglgRlpnptan^ 

gnqvpmdssgatvglfdynsqqqlfqrtnaltvqqltaaqqqqyalaaaqqpM^ 

tdpytaaglaaaatlagpavvppqyygvpwgvypanlfqqqaaaaar^ 

gqqgqqaeslaaaaaanptlafgqglatgmpgyqvlaptayydqtgalwgpgartglgapvrta 
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aaaaggtassltgstng^ 

aaigsalsgfgssvgssasssataeslstssdlylara^ 

lsshgsssslMggltngsgryisaapgaeak^sasstss^ 

nlqkdh^vefsqdqhgsrfiqqkleratpaerqm 

ghvlplalqmygcmqkalesissdqqsemv^ 

hpygcrviqrilehctaeqtipileelhqhteqlvqdqygnyviqh^ 

ekcvthasraeraUidevccqndgpl^alytmmkdqyanywq 

klekyylknspdlgpiggppngml 

238. Puf6p human (08) AF3 15591 J 
mrihdfqalalesrgmgeUptkkfwepddstkdgq^ 
aUsprsesgglgvsmveyvlssspadWdsrfi^ 
glpngmdadckdfiirtpgsrqasptewerlgpn^ 
gnqvpmdssgatvglfdynsqqqlfqrtnaltvqqltaaqqqqyalaaaqqpW^ 
tdpytaaglaaaatlagpavvppqyygvpwgvypanlfqqqaaaaanntasq 
gqqgqqaeslaaaaaanptlafgqglatgmpgyqvlaptayydqtgalwgpgartglgapvrlm^ 
aaaaggtassltgstnglf^igtqppqqqqqqpstri^ 
aaigsdsgfgssvgssasssatrreslstsscUykre^ 
IsshgsssslMggltngsgiTisaapgaeakyrsasstsslfssssql^ 
nlqkdlighivefsqdqhgsrf^ 
ghvlplalqmygcmqkdesissdqqsemvkeM 
hpygcrviqrilehctaeqtlpileelhqhteqlvqdqy 
ekcvthasraeralUdevccqndgphsalytmmkdqyany^ 
klekyylknspdlgpiggppngml 

239. Puf6p human (09) AAH24218 ' 

mplpsqtp^ltpppslsshgsssslMggltngsgiyisaapgaeakjTsasstsslfs 

psgrsrlledfmnj^nlqkdhg^^ 

fefgsldqklalatrirghvlplalqmyg 

qslqfudafkgqvfvlsthpygcrviqrUehcte^ 

eirgkvlalsqhkfasnwekc^ 

kirphitthk^gkhilaMekyylknspdlgpiggppn^ 

Rad52p (3 sequences) 

240. Rad52p human (01) NP_002870 
msgteeailggrdshpaagggsvlcfgqcqytaeeyqaiqk^ 
yngwahsitqqnvdfvdhikgkfyvgvcafvrvqMgsyhe 
algncildkdylrslnklprqlple^ 
srslsssaveseathqrkfrqkqlqqqfrerme 
liktlednsekwavtpdagdgwl^ssradp 
weshrksqdmkkrkydpsy 

241. Rad52p human (02) A57518 
msgteeailggrfshpaagggsvlcfgqcqytae 
yngwahsitqqnvdfvdlnkgkfyvgvcafvrvqM 
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algncOdkdykslnklprqlplev^^ 
srslsssaveseathqrkkqkqlqqqfrenra 
likttednsekwavtpdagdgwl^ssra^^ 
weshrksqdmkkrkydps 

242. Rad52p human (03) XP_052349 

msgteedlggrdshpaagggsvlcfgqcqytaeeyqaiqkakqrlgpeyissnna 

jmgwahsitqqnvdfvdlnngkfyvgvcafv^ 

algncadkdykslnklprqlplevdltkakrqdlepsveearynscrpnm 

srslsssaveseathqrklrqkqlqqqfremekqqvrvstpsaekseaappappvths^ 

liktlednsekwavtpdagdgwl^ssradpaqtsd^^ 

weshrksqdmkkrkydps 

R P a4Qp (5 sequences) 

243- Rpa49p human (01) AAH14331 

maaevlpsarwqycgapdgsqravlvqfsng 

cntlcrhfvgilnl^gqmevydael^ 

neslnravakaaetiidtkgvtato 

eeilkmieenshctfviealkslpsdvesr^^ 

ngrlniHsdsmkakitayviilalh^ 

lplppaqtsdrlakirkit 

244. Rpa49p human (02) NPJ)71935 
maaevlpsarwqycgapdgsqravlvqfsngklqs^ 
cntlcrhfvgilnktsgqmevyfoelfh^ 
neslnravakaaetiidtkgvtalvs^ 
eeilkmieenshctfWealkslpsdvesrdrqarciwfldtiil^a 
ngrlrniisdsmkakitayv^ 

lplppaqtsdrlakrrkit (SEQ. ID NO:248) ' . 

245. Rpa49p human (03) BAB14579 
maaevlpsarwqycgapdgsqravlvqfsngklqspgnmrfllyenkdstnprto 
cntlcrhfvgiliiktsgqmevydaelf^ 
neslnravakaaetiidtkgvtalvsdaih^^ 
eeilknrieenshctMeal^ 
ngrlmUsdsmkakitayviUalhihdfqidlMqrdlkls^ 
lplppaqtsdrlakirkit (SEQ. ID NO:249) 

246. Rpa49p human (04) BAB14791 

maaevlpsamqycgapdgsqravlvqfsngklqspgniiirftlyenkdstnprto 

cntlcrhfvgiliil^gqmevydaelfo^ 

neslmavakaaetiidtkgvtedTO^ 

eeilkmieenshctfviealkslpsdvesrd^ 

ngrlmUsdsmkakitayviilalhihdfqidltvl^^ 

lplppaqtsdrlakirkit (SEQ. ID NO:250) 
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247. Rpa49p human (05) AAH01337 
maaevlpsarwqycgapdgsqravl^ 
cntlcrhfvgilriktsgqmevydaelfiimqplfsdvsveseM^ 
neslnravakaaetiid&gvtdvsdaihn^ 
eeilkmieenshctMeaM 
ngrlmUsdsmkakitayviilalhihdfqidM^ 
lplppaqtsdrlakrrkit (SEQ. ID NO:25 1) 

RpU4ap (12 sequences) 

248. Rpll4ap human (01) XPJ)56681 
mvfafvevgrvayvsfgphagUvaivdvidqnralvdgpctqvn-qam^ 
adintkwaalrwakldearerkata 

vpaklantaaskkasaqkvpaqkatgqk^^ (SEQ. ID NO:252) 

249. Rpll4ap human (02) AAH05134 
Mvfafyevg™ayvsfgpha 
adintkwaatiwakkiearerkato 

aaaaaaakvpakkitaaskkapaqkvpaqkatgqkaapapkaqkgqkapaqkapap (SEQ. ID 

NO:253) 

250. Rpll4ap human (03) P50914 
MvfafvevgrayvsfgphagMva^^ 
adintkwaalxwakkiearerkakmtdfdi^ 

pakkitaasWcapaqkvpaqkatgqka^ (SEQ. ID NO:254) 

251. Rpll4ap human (04) AAC16021 
MvfixfvevgrvayvsfgphagUvaivdvidqnralvdgpctqvnqam 
adintkwaatrwakkiearerkalantdfdrfkv^ 
palddtaaskkapaqkvpaqkatgqka^apkaqkgqkapaqkapapkas^a 

252. Rpll4ap human (05) NP_003964 
Mvfirfvevgrvayvsfgpha^vaivdvidqm*alvdgpctqy^ 
adintkwaatrwakkieare^^ 

akvpakkitaasldapaqkvpaqkatgqkaapapkaqkgqkapaqkapapkasg^ 

253. Rpll4ap human (06) AAH00606 
Mvfhfvevgrvayvsfgphagl^ 
adintkwaatrwaldriear^ 

akvpalddtaaskkapaqkvpaqkatgqkaapapkaqkgqkapaqkapapka^ 

254. Rpll4ap human (07) BAB79460 
mvfirfvevgrvayvsfgphagldvaivdvidqnralvdgpctqm 
adintkwaatrwakkiearer^ 

aaaaakvpakkitaaskkapaqkvpaqkatgqkaapapkaqkgqkapaqk^^ 
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255. Rpll4ap human (08) AAH19651 
Mvforfvevgrvayvsfgpta 
adintkwaatrwakkieare&^ 
aaaakvpalddtaaskkapaqkvpaqkatgqkaapapkaq^ 

256. Rpll4ap human (09) AAH09294 
MvfafVevgrvayvsfgpha^ 
adintkwaatiwaldriea^ 
aaakvpaJdritoasldcapaqkvpaqk^^ 

257. Rpll4ap human (10) AAH22805 
vfirfvevgrvayvsfgpha^lvaivdvidqnralvdgpctqvrrqa^ 
intkwaatrwakkiearerkakmtdfdrfkv^ 

kvpakkitaasWcapaqkvpaqkatgqkaapapkaqkgqkapaqkapapkasgkka 

258. Rpll4ap human (11) JC5954 
mvj&rfvevgrvayvsfgphagldvaivdvidqnralvdgp^ 
dintkwaatrwalddear^ 
aaaakvpalddtaaskkapaqk^aqkatgqkaapap^ 

259. Rpll4ap human (12) BAA13443 
mvfixfvevgrvayvsfgphagMvaivdvidqmalvdgpctqv^ 
dintkwaatrwakkiearerkakmtdfdrfkv^ 
aaaakvpalddtaaskkapaqkvpaqkatgq 

Rpll6bp (24 sequences) 

260. Rpll6bp human (01) AAH04900 
heaevqvMdgrgMlgrlaaivakqvllg^^ 
fvvrtvrgmlphktkrgqaaldrlk^ 
rkekakihyrkkkqlimkk^^ 

261. Rpll6bp human (02) NPJ)36555 ■ ■ : " 
maevqvlvldgrghUgrlaaivakqvU^ 
wrtvrgmlphktkrgqaaldrlkvfdgipppydkto 
kekakihyrkkkqlnu'kkqaeknvekkidkytevl^ 

262. Rpll6bp human (03) P40429 
maevqvlvldgrghUgrlaaivakqvllgr^^ 
wrtvrgmlphktkrgqaalcfrlkvffl 
kekakihyrkldcqto 

263. Rpll6bp human (04) S29539 
maevqvlvldgrghllgrlaaivakqvU^ 
vrctvrgmlphktkrgqaaldr^ 
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kekakihyrkkkqlm ; 

264. Rpll6bp human (05) CAA40254 
maevqvlvldgrj^lgrlaaw^ 
wrtvrgmlphktkrgqaalcklkvfd^ 
kekakihyrkkkqlm^^ 

265. Rpll6bp human (06) BAA88214 
maevqvlvldgrgMlgrlaaivakqvU^^ 
wrtvrgmlphktkrgqaaldr^ 
kekakihyrlddcqlmrh^^ 

266. Rpll6bp human (07) AAH00514 
maevqvlvldgrgMlgrlaaivakqvUgrk^^ 
wrtwgnUphktkrgqaddrlkvfdgip^ 
kekakihyrkkkqlmrhkqae . 

267. Rpll6bp human (08) AAH01675 
maevqvlvldgrghllgrlaaivakqvll^^ 
wrtwgmlphktkrgqaaldrlkvfdgipp^ 
kekakihyrkkkqlmr^ ; 

268. Rpll6bp human (09) AAH01836 
maevqvlvldgrghUgrlaaivakqvllg^ 
wrtvrgmlphktkrgqaaldrlkvfdgipppydld^ 
kekaldhyrkkkqlmrhkqaeknvekkidkytevlkthgll^ 

269. Rpll6bp human (10) XP_058602 
maevqvlvldgrghllgrlaaivakqvllgr^^ 
wrtvrgmlphktlttgqaaldr^ 
kekaJrihyrkkkqlmrk^ 

270. Rpll6bp human (1 1) XPJ)84406 
maevqvlvldgrghllgrlativakq^ 
wlfco^lphktkrgqaaldr^ 
kekalrihyrkl&eliskkqak™ 

27L RpH6bp human (12) XP_084360 
maevqvlvldgrghllgrlaaivakqvll^^ 
wrtwgmlphktkrgqaddrl^ 
kqaeknvekkidkytevlkthgllv 

272. Rpll6bp human (13) XP_058601 
maevqvlvldgrghllgrlaaivakqvU^ 
wrtagmlphktkrgqaaldrl^^ 
kqaeknvekkidkytevlkthgllv 



Figure 4 



WO 03/094847 PCT/US03/14382 

57/107 



273. Rpll6bp human (14) XPJJ63371 
mglelpqlggnplelrnraapvsnavptqallqryylaeyasit^ 

fteavgiwkfgdppg^cvrc 
cviygqwrlcedpyMstcreegsvvtgdklUgricvvv^ 
psrifwptceaymhhktkr^a^ 
tieekrkekakihywkkkqlm^ 

-. 

274. Rpll6bp human (15) XP_058603 
mveaiswaawrpswlnrlnyl^ 
kkrmvvpaalkvvrlkpt^ 

vlkthgllv 

275. Rpll6bp human (16) XP_084773 
maevqvlvldgrgMlghlaaivakqvUgrkvvwccegiiusgn^ 
wqtmrgmpphktkpgqaaldclkvfdgipppydkk^ 
ametgreergeeu 

276. Rpll6bp human (17) XEJ)84774 
mveaiswatwipswlnrlkylafkknnn^ 
Hckimvvpaalkvvr^ 

tevlkthgllv 

277. Rpll6bp human (18) XP_084405 
mveaiswaawipswlnnd^la^^ 
dkkkimvvpaalkvvrl^ 

tevlkthgllv 

278. Rpll6bp human (19) XP-058541 
nmtnsyrgsyhfiapsrifwrtvrgmlphktogqaaldr^ 
ahefgwkyqagtatleekrkekal^ 

279. Rpll6bp human (20) XPJ)58350 ... 
nmtnp^yhfrapspifwltvrsmlphktkr 
ahevgwkytavtatleekrkek^ 

280. Rpll6bp human (21) XP 089619 
mpeaekqleyl^kaairasile^sgtkgpqnkcnvaitgnkleenthlrt 
laavwkqvUgrkvvvrcesvnvsdnfyni^ 
ipppysrktrwavhlkptrefayvgrlaqeagwkyqa\^ 

281. Rpll6bp human (22) XP_084775 
mrgmpphktlq>gqaaldclk^ffi^ 
kaltihyrkkkqfmrlwk^^ 

282. Rpll6bp human (23) XP 084361 
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mlphktkrgqaaldr^ 

hyrkkkqlmrlrkqaeknvelddd^evlkthgllv 

283. Rpll6bp human (24) XPJ58542 
mlphktkrgqaaldrlkvfd^^^ 
hygkkkqlmrkkqaelmve^ 

R P 119bp (15 sequences) 

284. Rpll9bp human (01) XPJ)94358 
msmlglqkipaasvlrygkkkwldpneaneiasansrqqirU 
rkgtanapmpekvtryrdskkh^^ 
eeclqakkegiintlskdeemkkqklpU^ 
egqkpwlkcrflpkapgjd^^ 
tadthargaciqegwsglrtweiqeslpdfe 
pgrltatgvhqslffclswesetpsaqasppa^ 
xirggeaapprrwpaafgpgap§)cpvpipcaprlrvagtn 

285. Rpll9bp human (02) NP J00972 
msmMqkrlassvkcgkkkW^ 
rkgtanarmpekvtwmrrmrilrrllrryresffi 
arrsktkearkrreerlqskkeeiiktlskeeetkk 

286. Rpll9bp human (03) P14118 
msmMqkrlassvhcgkH^ldpnetn^^ 
rkgtanannpekvtwmirmrilrrllrr^ 
arrsktkearkrreerlqakkeeiiktlskeeetkk 

287. Rpll9bp human (04) A48992 
msmklqkrlassvkcgldd^M 
rkgtanarmpekYlwmrrnirito 
arrsktkearkcreerlqakkeeiiktlskeeetkk 

288. Rpll9bp human (05) CAA45090 
msmMqkrlassvhcgldd^ 
rkgtanannpekvtwmmnrto^ 
arrsktkearkrreerlqakkeeiiktlskeeetkk 

289. Rpll9bp human (06) AAB25672 
msmMqkrlassvfrcgldd^ldpn^ 
rkgtanarmpekvtwmrrmriliTllrryresk^ 
arrsktkearkrreerlqakkeeiiktlskeeetkk 

290. Rpll9bp human (07) AAH00530 
msmklqkrlassvkcgkkl^ldpnetneianansrqqirk^ 
rkgt anannpekytwmrnnrilrrllrryresld^ " 
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arrsktkearkrreerlqakkeeiiktlskeeetkk 

291. Rpll9bp human (08) AAH13016 
msmMqkrlassvlicg^^ 
rkgtanarmpekvtwmrrmrito^ 
airsktkearkneerlqakkeeiiktlskeeetkk 

292. Rpll9bp human (09) XPJ)93380 
msmMqkrlassvlccgWd^ldpnetsei^ 
rkgtanannpekvmwilrrll^^ 
tkearkhgeerlqakkeeiiktlskeeetkk 

293. Rpll9bp human (10) XP_067821 
msiMqlalassilccgUdcvwldpgetseianvnsrqqirkto 
mpekitwinrrmrikUIrrycesldd 

294. Rpll9bp human (1 1) XP_064481 
msmklqkrlassvkcgkkkWl^^^ 
rryceskki<khmyhslylkvqgnvftnkpilmehshk& 
tlfkeedtkk % - ; 

295. Rpll9bp human (12) XPJ)66532 . 1 
msmlrlqkrlassvhcgkkkvwldpnktneiananshqq^ 
rryceskkidrhmyhslylkvqgOT^ 

tlfkeedtkk 

296. Rpll9bp human (13) XP_068464 
mtkspnimikktklpmvqlsq^ 
hsnyrerkscmrspfUpfiaaatams^ 
hmcigqvtwirrtrilcrllrrjiiesld^ 
kdarkhseerlqaldcwennnktlskeedtkk 

297. Rpll9bp human (14) XPJ)67494 
mgiskrkgtanaqmpgnvtwitarmrilcwllrrycesk^ 
qadqakarrsktkearkhhedrlqakeeiiktlskeeetek 

298. Rpll9bp human (15) XP_071008 
msmltpqkrUssvlhcgek!^ 
nvfkhkriltehshklkadkarkkpladqaeargs^ 

Rpl20bp (23 sequences) 

299. Rpl20bp human (01) NP_000971 
mkasgtkeykwgrclptpte^ 
wkydsrsgthnmyreyrdlttagavtqcyr^ 
rqhkprfttkrpntflf 
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300. Rpl20bp human (02) Q02543 

mkasgtkeykwgrclptpkchtpplyrmrif^ ' 

wlrydsrsgthnmyreyr^ 

rqhkprfttkrpntff 

-. 

301. Rpl20bp human (03) AAC18781 
mkasgtheykvvgrclptpkchtpplynnrifapnhw 
wlrydsrsgthnmyreyrdlttagav^ 
rqhkprfttkrpntff 

302. Rpl20bp human (04) AAC62828 
mkasgtkeykvvgrclp^^ 
wlrydsrsgthnmyreyrdlttagavtqcyrdmgarh^ 
rqhkprfttkrpntff 

303. Rpl20bp human (05) AAH07512 
mkasgtkej^grclptpkchlpplyrmri 
wlrydsrsgthnmyreyrdlttagavtqcyrdmgarhrarahsiqip^ 
rqh^rfttkrpntff 

304. Rpl20bp human (06) XPJ)8721 1 
inkasgtlreykvvgrclptpkchtpplynrdfapnhw 
wlrydsrsgttamyreyrdlttagavtr^ 
rqhkprfttkrpntff 

305. Rpl20bp human (07) XPJ)49201 
mkasgtheykvvgrclptpkchtpplyrmrifapnhw 
wlrydsrsgthnmyreyrdlttagav^^ 
rqhkprfttkrpntff 

306. Rpl20bphuman(08)XPJ)58516 
mkasgtheykvvgrclptpkch^ 
wlrydsrsgthnmyreyrdlttagavtqcyrdmgarhrarah^ 
rqhkprfttkrpntff 

307. Rpl20bp human (09) XP_084764 
mkasgtkeykvvgrclptpkchtppljrmrifapnhw^ 
whydsrsgthnmyreyrcUttagav^ 
rqhkprfttkrpntff 

308. Rpl20bp human (10) XP_066857 
mkapgtrleyqvvgrclpapkch^ 
wlrydsixgthri^ 
rqbiqprfttkrpdtfif 

309. Rpl20bp human (11)AAF74508 



Figure 4: 



WO 03/094847 PCT/US03/14382 

61/107 . 

mkapgtrleyqvvgrclpapkch^ 

wlrydsrrgthniyrejrdlttagavtkcyrdmgarhm 

rqhkprfttkrpdtff 

310. Rpl20bp human (12) XPJ)88557 
mkasgtkeykvvgrrlpty^^ 
wkcdsrsgthnmyreyrdlttagart^^ 

311. Rpl20bp human (13) XP_084763 
mrifapnhwaksrfwyf^sqlkkmkk^ 
yrdmgarhrarahsiqimkveei^ 

312. Rpl20bp human (14) XP_060535 
mkalgtqqeykvvchclptpkc^^^ 
giwlrydsrssthnmyreyrdto 
lchqqkprftrrpntff 

313. Rpl20bp human (15) XP_087212 
mkasgtlreyklkknto 
rahsiqimkveeiaaskcrrpavk^^ 

314. Rpl20bp human (16) S47353 
scrrq^llvlcvsvkedee^ 
hrarahsiqimkveeiavskcn^^ 

315. Rpl20bp human (17) CAA56788 
scrrqvpllvlcvsvkedeevfrgdcllwqvfeksplrvknfgiwlsyck^ 
hrai^iqimkveeiavskcr^ 

316. Rpl20bp human (18) XP_088558 
mkasgtkeyklkkmkkssgetvycgqvfeksplrvk^ 
rahsiqimmveeiaask 

317. Rpl20bp human (19) XP_069583 
mkasgalkeyk^slcpppna^ 
vwUydsrsctlmtyreywdlto 
tvsgsapkrhllspvscrlspsMvapgspqlvsnns 

. 318. Rpl20bp human (20) AAC16480 
Mkasgalkeykvvvslcpppnathcpsta^ 
vwUydsrscthntyreywdlttmgrhrtqahciqiink^ 

319. Rpl20bp human (21) XPJ)66822 ' 

mfapnhwakssfwyfvsqlkl^^ 

hglsalrpgplhpdhegggdrsrqvppavrqavprl 
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320. Rpl20bp human (22) XP_093371 
mtaadqkvkqgsmwyvgfetsflrvknfgiwlgydsqs^ 
qdskiqiplphwvlrh^^ • 

321. Rpl20bp human (23) BAA28596 
rdmgarhrarahsiqimkveei^ 

RpQlbD (44 sequences) 

322. Rpl21bp human (01) XP.058405 
mtntkglaTgtr>^ 
qvkgkilakrinvriehild^ 

a 

323. Rpl21bp human (02) NP 000973 
mtntkglaTgtrymfsr^ 
qvkglrilakiinvriehikhsta^^ 

a 

324. Rpl21bp human (03) XP_040644 
mtntkgtogtrymfsrpfrkhgvvplatymri 
qvkglrilakrinvriehikhsksrdsf^^ 

325. Rpl21bp human (04) P46778 
mtntkgkrrgtr)^ 
qvkgkilakrinvriehMsksrdsfl^ 

a 

326. Rpl21bp human (05) S55913 
mtntkgJaTgtrjai^^ 
qvkgHlakrtavriehikhsksrd^ 

a v . - 

327. Rpl21bp human (06) AAA85655 . 
mtntkglcrrgtrymfsTpfrldigvvplatymri 
qvkgldlakrinvriehiklisksrdsflkrvk^ 

a 

328. Rpl21bp human (07) CAA61582 
mtntkgiargtrjanfsrpfrkhgv^ 
qvk^laki±ivriehikhsksr^^ 

a 

329. Rpl21bp human (08) AAH01603 
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mtntkgkrrgtrymfsrpfrkhgvvplatyrimykkgdivd& 
qvkgkilakrmvriehikhsk^ 



330. Rpl21bp human (09) AAH07505 
mmtkgknrgtrjm^frkhgvvplatyiiuiykkgdi^ 
qvkgkilakrmvriehikhsksri^ 

a 

331. Rpl21bp human (10) BAB79464 
mtatkgkrrgtrymfsrp^gyvplatymri^ 
qvkgkilakrmvriehflchsksr^ 

a 

332. Rpl21bp human (1 1) 1096939 
mtntkgtagtrymfsrpfrldigvvplatymriykkg<n^ 
qvkgkilakrm\aiemldisksr^ 

a 

333. Rpl21bp human (12) XP_087514 
mmtkgkrrgtrym^frkhgviplat^^ 
vkgkilakrmvriehikhsksrdsflkrvkendqkkkeakekglA^q 

334. Rpl21bp human (13) AAD04204 
mtatkgkn-gtrymfkpfrldigvvplatynmykkgdivdi^ 
qvkgkilakrmvriehikli&srdsf^ 

335. Rpl21bp human (14) AAA93231 
mtntkgloTgtrymfsrpfrkhgvvplatymriykk 
qvkgldlakrmvrieWkhsksrdnflkrvkxddqekxeaqekg^ 
a 

336. Rpl21bp human (15) XP_058216 
mmtkgkrrgtrymfsrpfrkhgvvplatymriykkgdivdi^ 
qvkgkilakrinvriehikhsksr^ 

e 

337. Rpl21bp human (16) AAA80462 
rgtrymfsrpfikhgvvplatymriykkgihvdikgmgtvqkgmpbkcyh 
krmvriehikhsksrdsflkrvkendqkkkeakekgtwvq^ 

338. Rpl21bp human (17) XP 058267 
mtatkglaTatrymfsrpfrkhgavplatymriyldcgdivdi^ 
qvkgkilakrmvriehikhsksr^ 

a 
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339. Rpl21bp human (18) XP_084296 
mtntkgknatrymfsrpfrkhgavplatymriykkgdivdk 
qvkglrilakrmvriehikhsksr^^ 

a • • 

340. Rpl21bp human (19) XP_058414 
mmtkgkrrgtrymfcipfrkhgvvplat^^ 
qvkgkilakrikroehikhsksrcis^ 

a 

341. Rpl21bp human (20) XP_084429 
mffipfrlehgvvplatyrnriykkgdivd^ 
iehikhsksrdsflkrmkendqkl&^^ 

342. Rpl21bp human (21) CAB46381 
mm1kgkn:gtryinfeipfrkhgvvplamymriykkg<hvd& 
nkqvkglrilalamvciehMsksrdsf^ 

fina 

343. Rpl21bp human (22) XP_059120 
mmtkgkrrgtrymferpfrkhg^ 
vkgldlalainvriehildisksrdsf^ 

344. Rpl21bp human (23) XP_058407 
mtntkgkrrgtryinfsrpfrkhgvvplatym^ 
qvkgldlakrmvriehikhsksr<Isfl^ 

345. Rpl21bp human (24) XP_066219 
mm&gkrrgtrynifeipfrldigvvplatymqiykkgdivdikgmgt^ 
akrhvriehikhsksrdsfUamk^ 

346. Rpl21bp human (25) XP_059885 
mtntkglargtrymfsrpfrldigyvplatyr^ 
qvkgkilalamvriehikhsksr^^ 

347. Rpl21bp human (26) XP_058759 
mtntkgkrrgtrymfsrpfrldigvvplatymriykkgch 
qvkgkilalainvriehikh^rdsflki^kendppprvahfyrta 

348. Rpl21bp human (27) XP_033654 
mfsrofrkhgvvplatymriykkgdivchkgmgtvqkgtphkcyh 

ehikhsesrdsflkrvkendqkkreake^ ' 

349. Rpl21bp human (28) XP_086272 . 
mtntkgkrrgtrymfi^frlchgvvplat^ 
vkgkilaknnvriehikhsksrdsflkrvkendqlddceakekgt^ 
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350. Rpl21bp human (29) XP.088264 
mtntkgkrrgtr^srp^gvvplatymriykkj 
qvkgkilakrmvriehikhsksff^ 

351. Rpl21bp human (30) XP_084396 
mmtkgkrrgtrymfsipfikhgv^ 
qvkgkilakrmvrienikhsksrdsflkrvkendqkk^ 

352. Rpl21bp human (31) XP086478 
mmtkgknrgtrcmfsrpfrkhgvvplatymrvykkgdi^ 
qvkgkilalainvriehiJdisksr^^ 

353. Rpl21bp human (32) XP 085402 
mmtkgkrrgtrymfsrpfflchg^ 
qvkgkilakrmvriehiklisksrdsflkrvkendqkkkeak^ 

354. Rpl21bp human (33) XP_088698 
mmtkgkn-gtqymfsrpfrkhgvvplatymqiyldcgdivdikgmgt^ 
kqvkgldlakrmvriehikhsksrdsflkramendqtppreah^ 

355. Rpl21bp human (34) XP_039551 
mmlkgkrrgtrym^frkhgyvplatcmriykkvmvdikg^ 
vkgrilakrmvriehiqhsksqnsflkhvkendqkkkeakekgtwvqlkhqpa^ 

356. Rpl21bp human (35) XP_058677 

mtatkgkxrgtrymfsrpfrkhgvvplatynuiykkvdivdvkgmgtvqkgmph^^ 
kqvkgkilakrmvrikhikbsksqdsflk^ 

357. Rpl21bp human (36) XP_086384 
mmtkgkrrgtrymfsrpfirta 

nkqvkgkUalomvciehikhsksrdsflkrvkendq^preaqc\Tto 

358. Rpl21bp human (37) XP_084427 
mf^fiidigvvplatynniykkgmvd^ 
iehikhsksrdsflkmikendpppreahfvrtngkepellepipyefina 

359. Rpl21bp human (38) XP_085992 
mtktkgtegtrytfsrpfrkhgvvplatynmykkgvivdi 
vkskilakrmvriehikhse^ 

360. Rpl21bp human (39) XP_058514 
mtntkgtagtpymfsrpfrkhgwclatymriykkgdivdikgmgtvqk 

qvkgkilakrinvriehikhsks 

361. Rpl21bp human (40) XP_084760 
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mtntkgkiTgtpynifsrpfrkhgvvclatymri 
qvkgkilakrinvriehikhsks 

362. Rpl21bp human (41) XPJ)58408 
mgmgfrqkgmphkcyhgktgrvyn^ 
ekgtwvqlkrqpappreahfv^ 

363. Rpl21bp human (42) XP.059121 
mgtgtvqkgmphkcyhgktgrvynvtqhav^ 
kgtv^qlkrqpappreahfvrta^epellqjipyefina 

364. Rpl21bp human (43) XP_087393 
mtatkgtaatrymfsrpfrkh^ 
qvkgldlakrinvriehi 

Rpl6ap (24 sequences) 

365. Rpl6ap human (01) AAH20679 
magekvelq)dtkekkpeakkvdaggkvkkgnlkakkpkkj^ 
kskvekkkkekvlatv^vggdkn^ 
kivvflkqlasglllvtgplvlnrvplrrthqkM 
eiteqrkidqkavdsqilpkikaipqlqgylrsvfaltngiyphklvf 

366. Rpl6ap human (02) AAH22444 
magekvelq)dtkekrpeakkvdagg^ 
kskveklddcekvlat\^ 
krvvflkqlasgUlvtgplvlnrvplrrthqkM 
eiteqrlddqkavdsqilpkikaipqlqgylrsvfaltngiyphld^ 

367. Rpl6ap human (03) NPJ)00961 
magekvekpdtkekkpeakkvdaggkv^ 
kskveldckkekvlatv^^ 
lawflkqlasgMvtgplvliir^^ 
eiteqrkidqkavdsqilpkikaipqlqgylrsvfaltngiyphklvf 

368. Rpl6ap human (04) Q02878 ' 
magekvekpdtkeWq)eakkvdag^k 
kskvekkldcekvlatvtkpvggdknggtrvvkhkmp^^ 
bvvflkqlasglllvtgplvlnrvplrrthqkM 
eiteqrlddqkavdsqilpldkaipqlqgylrsvfaltngiyphklvf 

*. 

369. Rpl6ap human (05) 151803 
magekvekpdtkekkpeald^daggkv^ 
kskvekkkkekvlatvtlqwggdto^ 
krvvflkqlasglUvtgplvlnrvplrrthqkM 
eiteqrkidqkavdsqilpkikaipqlqgylrsvfaltngiyphklvf . 
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370. Rpl6ap human (06) BAA04491 
magekvekpdtkekkpeak^ 
kskveWddcekvlat^ 
krvvflkqlasglUvtgplvliirvpliTA 
eiteqrlddqkavdsqilpkikaipqlqgylrsvfaltngiyph^ 

371. Rpl6ap human (07) BAB17292 
magekvelq)dtkekkpeakkvdaggkvkkgnlka]d^ 
kskveHd&ekvlatv^ 
lawflkqlasglllvtgpfr^ 

eiteqrkidqkavdsqilpldkaipqlqgylrsvfaltngiyphklvf 

372. Rpl6ap human (08) AAH04138 
magekvelq>dtkekkpeakk^ 
kskvekkkkekvlatv&pvggdknggtrw 
kiwflkqlasglllvtgpW^ 

eiteqrkidqkavdsqilpkikdpqlqgylrsvfaltagiyphklvf . 

373. Rpl6ap human (09) XPJH 6700 
magekvekpdtkeld^eato 
kskvekkkkekvlatvtkpvg^ 
rvvflkqlasglllvtgplvlnrvplnthqkfviatstW 
eiteqcldeqkavdsqilpkikaipqlqgylrsvvaltngiyphklvf 

374. Rpl6ap human (10) AAF99680 
magekvelq3dtkeldq>e^^ 
kskvekkkkekvlatv^vgg<ta^ 
nwvvflkqlasgUlvtgplvl^ 

yeiteqrkidqkavdsqilpkikaipqlqgyhsvfaltngiyphklvf 

375. Rpl6ap human (1 1) S33714 
magekvekpdtkekkpeakkvdagg^ 
akskvekkkkekvlatvt^ 
krvvflkqlasglUvtdlwsste 

eiteqrkidqkavdsqilpkikaipqlqgylrsvfaltngiyphklvf 

376. Rpl6ap human (12) CAA49188 
magekvekpdtkeldq)ealdcvdaggkvkkgnlkakkpkk^ 
akskveldd<kekvlatvtkpvggdknggtrvv]^ 
krvvflkqlasglUvtdlwssievpl^ 
eiteqrkidqkavdsqilpkikaipqlqgylrsvfaltngiyphklvf* 

377. Rpl.6ap human (13) XPJJ66702 
mvfslssrilllerekteevnalqjssslvqflaqvfleipveigedlvpslpslcidis^ 
vgspegskveWdcekvlalvtte^ 
chrgkrvvflkqlgsgllpvtgplvfiirvplrr^ 
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ekekyeiteqckinqkavdsqslpkikaipqlqgylrsvfapiimgij^hklvf 

378. Rpl6ap human (14) XP_059836 
mpryyptedvprldlshskkpfsqhw^ 
kMatstlddisnvkipldiltdayflddddrkprhqegeifdtekeky^ 

379. Rpl6ap human (15) XP_059835 
magekvekpdtkeklqjeakkadaggkvkkgnlkak^ 
kskvekkkkekvlatvtkpvggdkngs^ 
gplvlnrvplrrmqktaatslto^ 
pkikaipqlqgyl 

380. Rpl6ap human (16) XP_017483 

magekvekpdtkekkpeakkadaggkvqegnlkvkkpkkgkpycshnpvlvrgtgr^ 

kskiekldcekvlatvtkpvggdta^ 

rwflkqlasglllvtgplvln 

381. Rpl6ap human (17) AAB30819 
mysrkamykrkysaakskveldddcekvlatvtkpvggdknggtrwkk 
basiq>gtmUtgrhrgkrvvflkqlasgUlvtgplvsieflyeehtmlslplq^ 
hkprhqegeifdtekekyeiteqikidqUwthkfyqksklflsss 

382. Rpl6ap human (18) XP_060259 
megeqvekpd1keklq)evkkadaggkvkkgnlkakkpknr]£phcsqnpw 
skvekqkeklpautkpagggknggtqwMc^ 
ivlnqvplqrthqksviatsalddi^ekyeiteqhMdqkavdsqiltkikaipqlqgyl 

383. Rpl6ap human (19) XP 060819 
mysrkatykrkysatlcslcvek^ 
itprtimughhrekivvflkqlasglvgtcdA^ 
qkprhqegeildtekekyeiteqckidqkaadsqUqksldliiindy 

384. Rpl6ap human (20) XP_067252 
magenflaldtldCTlealdcadtsgM 
nqvplpkeskglkasettcyaeaglttsnhrqleiklcgi 

385. Rpl6ap human (21) XP_066623 
magekvdkpdtkekkpkakksdagskvkkgiarysqsam^ 
nsstfvldlkgpryyplkdmtrlalshvk^^ 
yfldclddqkprhqegeimterekyeite^^^ 

386. Rpl6ap human (22) XP 068919 
nmaikrfqdgkvqnkaycgestpqhftglq^ 
kavdsqilpkiksipqlqcyhsvfaltngiyphklvf 

387. Rpl6ap human (23) XPj091 159 
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nmktdlmpcfqkfWaistktgisn^^ 
kaipqlqgylrsvfalmgiyphklvf 

388. Rpl6ap human (24) XP_069122 
mpryystedkpqkllshnknsssqhvk^ 
mvyfkkqpwklmqkdeMekekdeiteqc^^ 

Rpplap (12 sequences) 

* 

389. Rpplap human (01) XP_087062 
masvsklaciysaUmddevtvtedkinalikaagvnvep^ 
eeskesdddmglglfd 

390. Rpplap human (02) NPJ)00994 
masvselaciysaliMdevt\rtedkinalikaagw 
apstaaapaeekkveakkeeseesdddmgfglfd 

391. Rpplap human (03) P05386 
masvselaciysdiMdevtvtedkinalikaagvnvepfwpglf^ 
apstaaapaeekkveakkeeseesdddmgfglfd 

392. Rpplap human (04) R6HUP1 
masvselaciysaliMdevtvtedkm^ 
apstaaapaeekkveakkeeseesdddmgfglfd 

393. Rpplap human (05) AAA36471 
masvselaciysdifoddevMedkinal^ 



394. Rpplap human (06) AAH03369 
masvselaciysahmddevtvtedkinahkaagvnvepfwpgl^ 



395. Rpplap human (07) AAH07590 
masvselaciysaHMdevtvtedkinalikaagvnvepfwpglfa^ 
apstaaapaeekkveakkeeseesdddmgfglfd 

396. Rpplap human (08) BAB79474 
masvselaciysahMdevtvtecflaM 
apstaaapaeekkveakkeeseesdddmgfglfd 

397. Rpplap human (09) XP_061503 
mrnMarhlqentqsnmimlaq 
tirdedkvaeieaqqcngiyi^^ 
qdticltildqsqaprptipmpkgfgyvtfb^ 
gldgpeMgcteUslddcqtlmqksiphtsphkhvswapvplsp^ 
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epfwpsffakalasvnigsllcmagvgnvlqqpaphkqevlplppUpqlrrgkw 

398. Rpplap human (10) XP_090893 
masiselaciysalitodnevtvtey^ 
kkeefedsdddmgfglsd 

399. Rpplap human (11) XP_016778 
masvsklaciysalilhddevtvtedkinalik^ 
apstaaapaeekkveakkeeskesdddmglglfd 

400. Rpplap human (12) XP_087063 
masvsklaciysaUmddevtvtedkindikaagvnvepfwpglfakalanvid 



RpslOap (33 sequences^ 

401. RpslOap human (01) NP_001005 . 
mlmpkknriaiyeUfkegvmvakkdvh^ 
qykdylhlppeivpatlirsrpetgrpmkgleg^ 

gqppq 

402. RpslOap human (02) P46783 
mlmpkknriaiyehfkegvmvaldcdv^ 
qykdylWppeivpatbrsrpetgrpmkglegemarltrgeadrdty^ 

gqppq 

403. RpslOap human (03) S55918 
mlmpklaniaiyeUfkegvmvakkdvhmpkhpelad^ 
qykdylMpptivpatlrrsrpetgrprokglegero^ 

gqppq 

404. RpslOap human (04) AAA85660 
mlmpkknriaiyeUfkegvmvakkdvlm^ 
qylrdylttppeivpatlnsrpetgrpmkgte^^ 

gqppq 

405. RpslOap human (05) AAH01032 
mlmpldcnriaiyeUfkegvmvakta^ 
qylrdyMppeivpatlrrsrpetgrprpkglegerparltrgeadrdt^ 

gqppq 

406. RpslOap human (06) AAH01 955 
mlmpldcnriaiyellfkegvmvakkdvhmpkhpeladlm 
qykdyMppeivpattosrpetgipipkglegerparltrgeadrdt^ 

gqppq 
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407. RpslOap human (07) AAH04334 
inlmpWairiaiyell&egvmvakkdvhmpkhpelato 
qykdyWppeivpatkrsrpetgrprp^ 

gqppq 

408. RpslOap human (08) AAH05012 
mlmpldmriaiyellfkegvmv^ 
qyhdyMppeivpatlnsipetgi^^ 

gqppq 

409. RpslOap human (09) 1096944 
mlmpkknriaiyellft^ 
qykdylhlppeivpatlrrsrpet^ 

gqppq 

410. RpslOap human (10) XP_059280 
mlmpkkrmaihellfkegvm^ 
qykdyMppeivpatlhrsipetgrpip^ 

gqppq 

411. RpslOap human (1 1) XP_004330 . 
mlmpldairiaiyellfkegvmvakkdvhmpkhpeladto 
qylrdyMppeivpailrrsrpetg^ 

gqppq 

412. RpslOap human (12) XP_084681 
mlmpldcnridyeUfkegvmvakkd^ 

qylrdylMppeivpdlrrsipetg^ 

gqppq 

413. RpslOap human (13) XP_016113 
mlmpkknriaiyeUfkegvmvakkdvhmpldipeladknvp^ 
qykdylUppeivpatlcrsipetgrprpkgleierpMargeadrdthr 

414. RpslOap human (14) XPJ)43294 
mlmpkknriaiyeUfkkgvmvakkdvhmpkhpeladlm 
qyMylWppeivpatlrrrhpetgrprpkglegeqparltrw 
hsqlpq 

415. RpslOap human (15) XP_091001 
mlmpklomdyeUfkegamvakkdvytpkqpelacto 
hhlrdylhlppeivpatlchsrpetg^ 

416. RpslOap human (16) XPJH6670 
mlmpkknriaihellfkegvmvakkdvhmpkhpelacto 
qylrdylhlppeivpatlMppeivpatlh^ 
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fqfrgrcgrgrgqppq 

417. RpslOap human (17) CAC00525 
mlmpkknriaihellfkegvm^ 
qykdylMppeivpatlhlppeivpatlhrsipetgrpip^ 
fqfrgrcgrgrgqppq 

418. RpslOap human (1 8) XP_040498 
mlmpkknwiaiyellfkegvmvak^ 
iqyhdylMppeivpatlrrsipetgipipkglymrsavlpgadkkaea 

419. RpslOap human (19) XPJ)88074 
mlmpklaiwiaiyellfkegvmvakkdvhmpkhpelato 
iqykdylhlppeivpatln^etgipipk^ 

420. RpslOap human (20) XPJ)83966 
mlmpkknwiaiyellfkegvmvak^ 
iqykdyMppeivpatlmipetg^ 

421. RpslOap human (21) XPJ)58891 
mlmpklaiwiaiyellfkegvmvakkdv^ 

iqykdylWppeivpatliTsipetg^ipkglymrsavlpgadkkaeagagsatef 

422. RpslOap human (22) XP_067737 
mlvpkkntavvyeUfkegvw 
yMyMpletvpvtlccshpengipqpk^ 

423. RpslOap human (23) XP 045401 
nmsflnmvmvakkdvhmpkhpeladknypnlhvmka^ 
eivpatlprsrpetgrpwpkglyvrsavlpgadkkaeagagsatef 

424. RpslOap human (24) XP_088277 
mnsflnmvmvakkdvhmpkhpeladknvpnlhv^ 
eivpatlprsrpetgrpwpkglyvrsavlpgadkkaeagagsatef 

425. RpslOap human (25) XP_0684U 
mlmpkknqiatyehfkegvmvakkdvh^ 
yMppeivteipengrprpkgvegk^ 

426. RpslOap human (26) XPJ)92748 
mvakdiWpkhlelsdlmvsnlpvikamqsl^ 
gipipkglk^lagtncvdsenderketiemq^ 
msyglalqglesesvf 

427. RpslOap human (27) BAA25817 
riaiyellfkegvmvakkdvlHnpkhpeladknypnlhvirk 
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428. RpslOap human (28) Q15149 

mvagmlmprdqlraiyevlfr^ 

hkqyWppeivaaslqrvrrpvam^ 

rtlarpgpepapatderdrvqkto^ 

qiddykhrqvklvnimdd^ 

tsswrdgrlfoaiihrh]q)mdi^^ 

rvpdvqdgvratielqlmqeyrelvllllqwmrhhtaafeerr^ 

qslegavqagqlkvppgyhpldvekewgldhvailerekqlrseferleclq^ 

rllaagkvpqrageverdldkadsmirllfedvqtM 

"aqvtlqsvqnpeledstlrylq^^ 

patrgayrdclgrldlqyaMlnsskarM 

elelkekkikelqnagdrllredhparptvesfqaalqtqws 

alrrknscdrsatvtrledUqdaqdekeqlneykghlsglala 

kgdecqlvgpaqpshwkvlsssgseaavpsvcflvpppnqevqeavtrleaqhqalvtlwhqlh^ 
qlkswslatMq>eeqrqam^^ 

rciselkdklqleacelxtvhrMpldkeparecaqriaeqqkaqaeveglgkg^ 

rseleltlgkleqvrslsaiyleklktislvirgtqgaeevlraheeqlkeaqav^ 

ptfdakdekgaqevgerlqqrhgerdveverw^ 

qdamqeqiqampladsqavreqkqeqalleeieA^ 

kvqsgsesviqeyvdlrthyselttltsqyikfisetlmneeeerlae 

aqaereakelqqriqeevvrreeaavdaqqqkrsiqeelqqkqsseaeiqakarqaeaaersrM 

terqrggaegelqakaraeeaeaqkrqaqeeaer^ 

qaeeaerwlcqaeverarqvqvaletaqrsaeae^ 

reeaerqlemqlkaneakklqaeevlqqksl^ 

taqqrlaaeqekrkaeteqgeqqrqlleeelar^ 

kskqrleaeagrfrelaeeaarkalaeeakrqrqlaeedaarqraeaervlaeklaaigeatrtoea 

erirrlaedeafqrrrleeqaaqhkadi^ 

lelelgrirsnaedtlrskeqaeleaarq^ 

keraeqesarqlqlaqeaaqkrlqaeekah^ 

aaqsrrqveeaerlkqsaeeqaqaraqaqaaaekkkeaeqeaarraqaeqaakqkqaadaemekhk^ 
veqelttklqleetdhqknlldeelqrto 

rflqeeaekmkqvaeeaarlsvaaqeaarkqlaeedlaqqralaekmlkekmqavqea^ 
rrlqedkeqmaqqlaeetqgfqrtleaerqrql 
tqekvtlvqtleiqrqqsdhdaerkeda^ 
qrerfieqekakleqlfqdevakaqqkeeqqrqq 

eeUaeenqrkeqlqlleeqteaalahseevtasqvaatktlpngrdaldgpaaeaepete 

lsaeelqrlaqght^delarredvrhylqgrssiaglllkatneklsvyaalqrqllspgt 

rnirltvneavkegvvgpelhlMlsaeravtgykdpytgqqislf^ 

vpvdvayn-gyfdeemnr^^ 

vfekatysapfgkfqgktvtiweiinseyflaeqrrdlkqfi^ 

aeUesrvidrelyqqlqrgersvrdv^^ 

tgMidpatsarltvdeavraglvgpe^ 

vdpskshrvpldvacargcldeets^^ 

fyselqaretfektpve^ 
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sfsglrspvpasellasgvlsraqf^^ 

taalUeaqagtgflvdpvmqrlyvh^ 

Ueaqiatggiidp\iishrvpvdvayqr^ 

kgaekvewettqvyteeetrrafeetqidipgggshggstmslwevmqs 

euekteiirqqglasydyvmltge^ 

lsiyqaMgllsaevarffleaqaatgflldpvkg^ 

qamldcetfpteeaMldaqla^ 

cnddgsgqlllplsdarkltfrgkkqita^ 

kerlsvyqam^giirpgtafelleaqaatgyvidpikglkltveeaym 

slfqamkkghlkdhgklleaqiatgg^ 

lmercitdpqtglcllplkekla'^^ 

sssdgvvksmiidrregrqydidddaknli^ 

rtqlaswsdpteetgpvagildtetlek^ 

imvdrinlaqkafcgfedprtktkmsaaqalkkgwlyyeagqr^ 

kkdvgaystyltcpktklkisykdaldre^ 

gsfdatgsgfsmtfssssysssgygnyasgssaslggpesava 

429. RpslOap human (29) XP_092957 
meedrsppifgcpgqppsnrsrgpastqggdgetsidfqvspkln^ 
eqpeisvvhglagcpmieetrkgqvc^^ 
qcslgfcctferkrssvspaapgtaapelaaalmlmprloiqiavy^ 
amqslksqghreeqfawrlrfywhlta^ 

430, RpslOap human (30) CAA91 196 * 
mvagmlmprdqkdyevlitegvmva]±^ 
hkqylMppeivaaslqiwpvamvmpairtphv^ 
rtlaipgpepapatderdrvqldctstkw^aikhlikaqrWs 
qialdylrhrqvklvnimdtf^ 
tsswdgrlfeaiihrhkpUid^ 
rvpdvqdgvranelqlrwqeyrelvUU^^ 
qslegavqagqlkvppgyhpldvekew^lh^ 
rllaagk^qragevercUdkadsmirllfedvqtlkdgrhpqgeqmyrrv^ 
aqvtlqsvqrrpeledstlrylqdllawve^^ 
patrgayrdclgrlcUqyakllnssk^ 

elelkekkikelqnag^lkedhparptvesfqaalqtqwswmlqlcccieahfc 
alrrknscdrsatvrtedUqdaqdekeqlneyk^ 

kgdecqlvgpaqpshwkvlsssgseaavpsvcflvpppnqevqeavtrleaqhqalvtlwhqlhvdii^ 

qhrswslatfflkpeeqrqalhslelh^^ 

rciselkdirlqleacetrtv^^ 

rseleltlgldeqvrslsaiyleklkti^^ 

ptfdahdekgaqevgerlqqrhgerdveveiw 

qdanrqeqiqampladsqaweqlrqeqa^ 

l^qsgsesviqeyvdlrthyselttltsqyMsetlnme 

aqaereakelqqriqeevvireeaavdaqqqkrsi^^ 

terqrggaegelqalraraeeaeaqkrqaqeeaer^ 

qaeeaemlcqaeverarqvqvaletaqrsaeae^ 
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reeaerqlewqlkanealrMqaeevlqqkslaqaeaekqkeeaereanrgk^ 

taqqrlaaeqelkkaeteqgeqqrqUeeelarlqreaaaatqkrqeleaelakvraemevU^^ 

tokqrleaeagrfrekeeaarlralaeeato 

erkrlaedeafqmleeqaaqto 

lelelgriisnaedtlrsk^ 

keraeqesarqlqlaqeaaqlalqaeek^^ 

aaqsrrqveeaerlkqsaeeqaqaraqaqaaaekto 

veqelttklqleetdhqknlldeelqrlkaeateaarqrsqveeelfsvrvqm 

rflqeeaekmkqvaeeaarlsvaaqeaarkqlaeedlaqqralaekmlkekmq 

nlqedkeqmaqqlaeetqgfqrtleaerq^ 

tqekvttvqtleiqrqqsdhdaerkeaiad^ 

qrerfieqekakleqlfqdevaka^ 

eeUaeenqrkeqlqUeeqhraal^ 

lsaeelqrlaq^ttvdelarredvrhylqgrssiagUlkatneklsvyaalqrqUspgtaH^ 

rmTltvneavkegvvgpelhhkllsaeravtgykdpytgqqislfqam 

vpvdvayirgyfdeemnrv^ 

vfekatvsapfgkfqgkmiweiinseyftaeq^ 

aellesrvickelyqqlqrgersvrdva^ 

tghiidpatsarltvdeavraglvgpefhekllsaekavtgyrdpytgqsvslfqaM 

vdpskshrvpldvacargcldeetsrds 

fyselqaretfektpveypvggfkgrtvtvweUssej^aeqrqelfr^ 

sfsglrspvpasellasgvlsraqfeqlkd^cttvkdlselgsvrtllqgsgclagiy^ 

taallleaqagtgflvdpvmqrlyvhea^ 

lleaqiatggiidpviishrvpvdvayqrgyfs^ 

kgaekvewettqvyteeetaafeetqidipgggshggstmslwevmqsdli^ 

eiiekteikqqglasydyvmltgedlfearusletynlk 

lsiyqaBdcgllsaevarlUeaqaatgmdp^ 

qamkkeUpteeaMldaqlatgg^ 

OTddgsgqUlplsdarkltfrglrkqitmeelvrsqvmdeatalqlregltsieevtkd 

kerlsvyqamkkgiirpgtafelleaqaatgyvidpikglkltyeeav^ 

slfqamkkglilkdhgkUeaqia^ 

lmercitdpqtglcllplkekkre^^ 

sssdgwksmiidrrcgrqycUddaiaknH^ 

rtqlaswsdpteetgpvagildtetlekvsiteainhmlvdnitgqrlleaq 

imvdriiilaqkafcgfedprtktkmsaaqa^ 

kkdvgaystyltcpktldkisykd^ 

gsfdatgsg&ntfssssysssgygrryasgssaslggpesava 

431. RpslOap human (31) XP_064636 
mlmpkknqiaiyellfkegvmvtkkdvhmprhpeladto 
kgleaeeparltrgevnrvt^ 
cfskqariyktvssepknnrkinlsk 

432. RpslOap human (32) XP_044199 
mvakkdvhmpkhpeladknvpnlhvmkamqslksqgymkeqfaw^ 



Figure 4 



WO 03/094847 



76/107 



PCT/US03/14382 



433. RpslOap human (33) XPJ)88787 
mlmplairiaiyellfkegvmvakkdvhmpkhrela 

atefqfrggfg 

Scd160p (2 sequences) 

434. Scpl60p human (01) NP_005327 
mssvavltqesfaehrsglvpqqikvat^ 
hvpleerkykdmnqfgegeqakicleim^^ 
hhrfvigkngeklqdlelktatkiqiprpddpsnqikitgtkegie 
ynrlvgeimqetg^pppsvnrteivft^^ 

Uertgvsveippsdsisetvikgepeklgqaltevyakansftvssvaapswlhr^ 

ftegedkitlegptedvnvaqeqiegmvkdlinrmdyveimdhkto 

iriegdpqgvqqakreMasrmenertkdlu^ 

nevekctkymqkmvadlvensysisvpifkqfhkmigkggam 

srilsiqkdlaniaevevsipaMhnshg&grlksimeecggvhih^vegsgs 

eekqtksfWdirakpeyhkfHgk^^ 

vedsmlvdpkhhrhfviirgqvlreiaeeyggvmvs^ 

pqkfhrsvmgpkgsriqqitrdfsvqi^ 

eaakealedvpvtievevpfdlhryvigqkgsgirkmmdefevni^ 

lqaeqedraksfklsvtvdpkyhpkiigrkga 

vgeleqmvsedvpldhrvhariigargkak^ 

wdsealqvymkppaheeakapsrgfvvrdapwtasssekapdmsss 

435. Scpl60p human (02) AAH14305 
gtrapswlhrfiigkkgqnlakitqqmpkv^^ 
rUigksganinrikdqykvsvri^^ 
erirekdk^eviinfpdpaqksdivqfr^ 
reesntkidlpaensnsetiiitgkran^ 
ihipvegsgsdtvvirgpssdvekakkql^ 
dkdqdUtugkedaweaqkeleahqnldn^ 
tikgakdcveaakkriqeiiedlea^ 

gdeagegr^dcdpgsprrcdniisgrkekceaakealealvpvtievevpfdlh^ 

vpapelqs^dtglaanldrakagllervkelqaeqedralrsfklsvt^ 

jpdkddgnc^qdqititgyeknteaarda^ 

apdpncvtvtglpenveeaidlulnleeeyladvvdsealqvym^ 

eefpsfgaqvapktlpwgpkr 

Sdfljg il sequence) 

436. Sdflp human (01) CAA16171 
mmihgfqsshrdfcfgpwldtaskthiinksadyeklade^ 
qgmlkvacaeewqesrtegehskevilq>y^ 
hdhgvsslsvkirvmpssfQllrflflridgvhnrmdtrl^ 
ylpikeavcekliflperidpnpadsqkstqve 
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Sec22p (5 sequences) 

437. Sec22p human (01) XP 089347 
mvlltmiarvadglplaasmqedeqissewhwg^ 
eagamtfhyiieqgvcylvlceaafp^^ 
Igsintelqdvqrimvanieevlqrgealsgtqkrcnreaqlspwsp 
rlgrkglggtkqqggkektstseartflnltldtgpetrswrslyg 
qavslpvflnrvpnkrsttlrsgevUgptkatqvk^ 

kqqsthgdaetpektpqdwspipgsasqaqhsqapgltpgqcgpsprtesgdpggsqhsvrspc^ 

sgrlagrqrlwavtcvqtqrqvakegsvsgl^^ 

valwegsvsglspvfttisvrspcgkaaslgcMcsdta^ 

pcgkaaslgcMcsdtasgrlvgrqrlwa^ 

sesacvhkaqknnpqwlprklmt^^ 

klpaaltglgflrstl 

438. Sec22p human (02) XP_034765 
mtfhyiieqgvcdlvlceaafpk^ 
ntelqdvqrimvanieevlqrgealsa^ 

439. Sec22p human (03) NPJ)36562 
msmilsasvimdglplsastdyeqstgmqecrkyfkmls^ 
vlafsfldelqkefittymmnktntavtpycfiefd^ 
angvtsafsvdckgagldssahqrlepatlsgivgfilsllcgalnlirgfha^ 
qcyllvyytgvraivksfltf^^ 

440. Sec22p human (04) XP_087343 
msmilsasvimdglplsastdyeqstgmqecrkytolsrklaqlpcfrctto 
vlafsfldelqkefittyimimktntav^ 
angvtsafsvdckgagkissahqrlepatte^ 

qvgflpf 

441. Sec22p human (05) AAD43013 
msmasasvimdglplsastdyeqstgmqecrkyflanlsrMaq^ 
vlafsMelqkefittynmmktntavrpycfiefhnfiq^ 
angvtsafsvdckga^dssahqrlepatlsgivgfilsUcgalnlirgfhaiesll^^ 
qcyllvyytgwmvksfltfglicyatcismncatsgsfsfin 

Sin3o (3 sequences) 

442. Sin3p human (01) AAK95854 
mkrrlddqespvyaaqqrripgsteaiphq^ 

vhsshhhptavqphggqwqshahpappvapvqgqqqfqrlkvedalsyldqvklqfgsqpqv^ 
dtprvisrvshyskgppilimgiqhlfapwattoevqtndmvnvt^ 
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paqpapqpppakvskpsqlqahtpasqqtpplppyasp^ 

qgqpdiykafleilhtyqk^ 

vmdhggtvldcpqlnn^ 

yenfkclvifoqevisraelvqlvspflg^ 

algksyqqpkctgrtgvckevlndtwvsj^swsedctfv^ 

443. Sin3p human (02) BAB55 197 
mknrlddqespvyaaqqrripgsteafphql^ 

vhsshhhptavqphggqwqshahpappvapvqgqqqfqrlkvedalsyldqvklqfgsqpq^ 

dtpgvisrvsqlfkghpdlimgfhtflppgykiev^^ 

qpapqpppal^skpsqlqah^asqqtpplppyasprsppvqphtpv^ 

qpdiykafleilhtyqkeqm^ 

mdhggtvkkpqln^qrpsqngcqi^^ 

enfhclvifoqevisraelvqlvspflg^ 

lpksyqqpkctgrtplckevlndt^ 

srlsaeeqakfrldntlggtsevihrkalqriyadkaadiidgkto^ 

nekyylksldhqginfkqndtkvlrsksllneiesiyderqeqate^^ 

qtgiqkedkykikqimhltf^ 

evynlfyvnmwyifelhqilcHIric^qaerqieeenrerew 
afldmvrslldg^dssqyedskemftihayiaftmdkU 

444. Sin3p human (03) XP_050561 
mahagggsggsgaggpagrglsgarwgrsgsagheMpvhve^ 
gvinroqlfhehpdUvgfoaflplgyrich^^ 
etoaisyvnkiktrfldhpeiyrsfl^ 
slftgngpcemhsvqknehdktpehsrk^^ 

qevyenfhcialfeqelvsgseUqlvspflgl^elfaqfksflgvkelsfappmsdrsgdg^ 

yralpktyqqpkcsgrtaickevtodtwvs^ 

kklsnnapedqekfrlddslggtseviqrraiyriygdkapeiieslMm 

reqyekaylkslc&qavnfkqndtkafo^ 

vkrqpaiqkedqgtihqlfoqfvpslffi^ 

ateqpplpppaphlqplddvyslffan^ 

elrlkqpseveleeyypafldmvrsUegsidptqyedtkemfiihayvg 

ytoekkrgaaggrissrcvraaretsyqwkaercm 

qyvgtegasssptegfllkpvflqrnlldcftiTwqseqara^ 

dymyrrgtlcrakqvqplvl^^ 

rvqysrrpasp 

Spt4p (1 sequence) 

445. Spt4p human (01) NP_003159 
maletvpkdkhhacllcslvktidqfeydg 
fkpgvyavsvtgrlpqgivrelksrgvayksrdtaikt 

Sselp (15 sequences) 
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446. Sselp human (01) NPJJ06635 
msvvgldvgsqscyiavaraggietianefsdrctpsvisfgsknrtigva 
qkekenlsydlvplknggvgikvmym^ 
qivgtocklnmdmtavalnygiykq^ 
vehfcaefldkylddakskir^ 
lysUeqthlkvedvsaveivggalripavkeriakffgkdisttln^ 
pishwnhdsedtegvhevfsrr^^ 
kvrvnthgiftistasmvekvpteen^ 
wqlgkdllnmyietegkmimqdMekemd^ 
akqayvdkleelmMgtpvk^qeaeerp]^ 
wmnvnmaqakksldqdpvvraqei^ 
phqngecypneknsvnmdld 

447. Sselp human (02) BAA34779 
msvvgldvgsqscyiavaraggietianefsdrc^ 
qkekenlsydlvplknggvgikvmymgeehlfsveqitain^ 
qivglnckhnndmtovalnygiykq^ 
vehfcaefktkykldakskiraM^ 
lyslleqthlkvedvsaveivggatripavkeriak^^ 
pisliwnhdsedtegvhevfsrnhaapfskvltflrrgpfeleafysdpqg^ 
kvrvnthgiftistasmvekvpteenemss 
wqlgkdllnmyietegkmimqdklekemdalmaveeyvyefrd^ 
akqayvdMeelmkigtpvkvrfqeaeerpkmfeelgq^ 
wmnn\innaqakksldqdpvvraqeiktkikelnntce^ 
phqngecypneknsvnmdld 

448. Sselp human (03) XP_036357 
mswgldvgsqscyiavaraggietianefsckc^ 
qkekenlsydlvplknggvgikvmymgeeUfsveqitamlltl^ 
qivglncklmndmtavalnygiykqd^ 
vehfcaefktkyMdakskiralklyqeceklkklmssnst^^^ 
lyslleqthlkvedvsaveivggatripiavkeriakfl^disttlnadea 
pisliwnhdsedtegvhevfsrahaapfskvltflirgpfeleafy^ 
kvrvnthgiftistasmvekvpteenemsseadme 
tseenkipdadkanekkvdqppeakkpkikvvnve^ 

449- Sselp human (04) Q92598 

mswgldvgsqscyiavaraggietianefsdrctpsvi^ 

qkekenlsydlvplknggvgikvmy^ 

qivglnchlnmdmtavalnygiykq^ 

vehfcaefktkykldakskiralhlyqeceklld^ 

lyslleqthlkvedvsaveivggatripavkeri 

pisliwnhdsedtegvhevfsrnhaapf 

kvrvnthgiftistasmvekvpteenemsseato 

tseenkipdadkanekkvdqppeaklq)kikv^ 

eeyvyefr<Mcgpyekficeqdhqnfhlltetedwlyeegedqakqayvdkleeln^ 
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gqrlqhyalriaadfni^ 
epvvtqpkplriespklertpngpnidkk^ 

450. Sselp human (05) AAC18044 
nprpeaeadrepamswgldvgsqscyiavaraggietianefsdrctpsvis^ 

floAgrafhdpfiqkekente^^ 

flMaerrsvldaaqivglncklimito 

fdpflg^kiifdeklvehfcaefktk^ 

eelcaeUqkievplyslleqthlkved^ 

fkvrefsvtdavpfpishwiMsedte^^ 

vsaqkdgeksrvkvkvrvnthgiflistasmvekvpteenemsseacta 

qtdaqqtsqsppspeltseenkipdadkanekkvdqppeakkpldk^ 

qdklekemdaknaveeyvyefrdklcgpye^ 

rfqeaeerpkmfeelgqrlqhyaMaa^ 

vraqeiktkikekmtcepvv^ 

451. Sselp human (06) CAA47886 
mswgidlgfqscyvavaraggietianeysdrctpacisfgpknrsigaaaksq 
eaeksnlaydivqlptgltgikvtymeeemftteqvtamllsklkete^^ 
qiaglnchlimiettavalaygiykqdlpaleekpmvvfvdmghsayqvsvc 
vnhfceefgkkykldikskiralMsqeceldkklm 
ksvleqtkUdcediyaveivggatripavkekiskffgke^^ 
pislrwnspaeegssdcevfstohaapfskvltfyrkepftleayysspsg^ 

452. Sselp human (07) NP_055093 
mswgidl^Elncyiavarsggietianeysdrctpacislgsrtrd^aaksqivtn 
qterirlpyelqkmpngsagvkvryleeerpfaie^ 
qvaglncklnmettavalaygiykqdlp^^ 
vdyfcdefktkykkvkensndMyq 
lkavmeqanlqrecUssieivggatripavkeqitkfflkdisttln 
sitlrwktsfedgsgecevfck^ 

kvnmihgifsvasasviekqnlegdhsdapmetetsflmenkdim 

avsdkqdrlnqtlkkgkv^^^ 

kfitpedlsMsavledtenwlyedgedqpkqvyv^ 

mkderydttdptemekvekcisdamsw 

dkpkanserngpmdgqsgtetksdstkdssqhtkssgemevd 

453. Sselp human (08) 156208 . . 
mswgidlgfqscyvavaraggietianeysdrctpacisfgpknrsigaaaks 
eaeksnlaydivqwptgltgikv^ 
qiaglncklmnettavalaygiykqdlprleelq>m^ 
viMceefgkkykldikskiralMsqeceklkldnis 
lrsvleqtklkkediyaveivggatripa 

pislrwnspaeegssdcevfsknhaapfskvltfyrkepfUeayysspqdlpy^ 
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kvrvnvhgifsvssaslvevhte^ 
dHandqppqcqegksedqyc^ 

geyekfvseddmsftMedtenwlyedgedqpkqvyvdMaelknlg^ 

454. Sselp human (09) P34932 
msvvgidlgfqscyvavaraggietian^ 
eaeksnlaychvqlptgltgikvtym 
qiaglncMnmettavdaygiykqdlp^ 
viMceefgldcyMdikskiral^^ 
ksvleqtMkkediyaveivggatripavkekiskflFgkelstth^ 
pislrvmspaeegssdcevfsknha^ 
kvrvnvhgifsvssaslvevhkseeneepmetdqn^^ 
dkkmdqppqakkakvktstvdlpienqllwqidreDi^ 
eyekfvsedgrnsftlMedteiiwlyedg 
nkedqydhldaadmtkvekstneamewmi^ 
eqknaeqngpvdgqgdnpgpqaaeqgtdtavpsdsdkklpemdid 

455. Sselp human (10) BAA75062 
mswgidlgfqscyvavaraggietianeysdrc^ 
eaeksnlaydivqlptgltgikvtymeeemfheqvtam 
qiaglncfrlnmettavalaygiykqdlpaleel^^ 
vnhfceefgldcykldiksk^ 
lrsvleqtkMediyaveivggatripavkekisldrgkelsttto^ 
pislrwnspaeegssdcevfslaihaapfskvtt^ 

kvrvnvhgifsvssaslvevhkseeneepmetdqnakeeekmqvdqeephveeqqqq^ 

dkkmdqppqakkakvktstvdlpienqH^ 

eyekfrsedgrnsftlkledtenwlyedgedqpkqv^ 

nkedqydUdaadmtkvekstneamewmniiklnlqrikqsto^ 

eqknaeqngpvdgqgdnpgpqaaeqgtdtavpsdsdkklpemdid 4 

456. Sselp human (11)AAA02807 
msvvgidl^qscyvavaraggietianeysto^ 
eaeksnlaydivqwptgltgikvtym 
qiaglncklmnettavalaygiykqdlprleekpmw^ 
viMceefgldcykldikskkato^ 
hsvleqtldkkediyaveivggatripavkekiskffgkeistto 
pislrwnspaeegssdcevfsknhaapfskvlt^kepftleayysspq^ 
kvrvnvhgifsvssaslvevhkseeneepmetdqnak^ 
dklandqppqcqegksedqycgpanresaiwqidrem^ 
geyekfvseddrnsftlWedtenwlyedgedc^^ 

457. Sselp human (12) 095757 
msvvgidlgftocyiavarsggietianeyscfo^ 
qterMpyelqkmpngsagvkvryleeeipfaie^^ 
qvagtocklmnettavalaygiykqdippldelq^ 
vdyfcdefktkyldnvkensr^ 
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Ikavmeqanlqredissieiv^^ 

sitlmktsfedgsgecevfcki±^ 

kvrvnihgifsvasasviekqnlegdhsdapmetetsfk^ 

avsdkqfalnqtMgkvksidlpiqssl^^ 

kfitpedlsklsavledtenwlyedgedqpkqvyvdMqelkkygqpiqi^ 

rnkderydMdptemekvekcisdamswk^ 

dkpkansemgpmdgqsgtetksdstkdssqhtkssgemevd . 

458. Sselp human (13) BAA75063 
msvvgidlgflncyiavarsggietianfeysto 
qterirlpyelqkmpngsagvkvryleeeip^^ 
qvaglncklimettavalaygiykqdlppldekpmvvfidmghsayq 
vdyfaiefkticykinvkens^^^ 

IkavmeqanlqredissieivggatripavkeqitkfQkdisttlnadeav^^ 

sitlrwkMedgsgecevfckr^^ 

kvrvnihgifsvasasviekqnlegd^ 

avsdkqcklnqtlkkgkvksidlpiqsste^ 

kfitpedlsUsavledtenwlyedged'qpkqvyvdldqelkkygq^ 

rnkderydMdptemekvekcisdamswl^ 

dkpkansemgpmdgqsgtetksdstkdssqhtkssgemeyd 

459. Sselp human (14) BAA13192 
mswgldvgsqscyiavaraggietianefsdrctpsvisf^^ 
qkekenlsydlvpllmggvgilomiy^ 
qivgtachlmndmtavalnygiykqdl^ 
vehfcaefktkykldaksldralWyqeceklkklmssm 
lysUeqthlkvedvsaveivggatripavkeriakff^disttlnad 
pishwnhdsedtegvhevfsrnhaapfskvltflrrgpfeleafysdpqg\^ 
kvrvBthgiftistasmvekvpteenemsseadmeclnqrppenpdtdknvqqdn^ 
tseenkipdadkanekkvdqppeak^ 
eeyvyefnMcgpyekficeqdhqnfhlltete^ 
gqrlqhyakiaadfenlcdekynHdesemkkveksvnevmewi^^ 
epvvtqplq)ldespkleitpngpnidkkeedl^^ 

460. Sselp human (15) BAA34780 
mswgldvgsqscyiavaraggietianefsckctpsv^ 
qkekenlsydlvpllmggvgikvmymg 
qivglncklirmdmtavalnygiykqdlp^^ 
vehfcaefktkylddakskiralkl^^ 
lyslleqthlkvedvsaveivggatripavkeri^ 
pishwnhdsedtegvhevfsrnhaapfskvltflrrgpfeleafy 
kvrvnthgiftistasmvekvpteenemsseadm 
tseenkipdadkanektodqppeald^ 

eeyvyefrdWcgpyekficeqdhqnfhlltetedwlyeegedqakqayvdMeel^ 

gqrlqhyaldaadfi^dekynMdesemkk^ 

epvvtqpkpkiespWertpngpnidkte^ 
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Stolp (10 seqmemcert 

461. Stolp human (01) NP_002477 
msnrhsdendggqphkiTktsdan^ 
eldtiytflvgllnainynfggefveainirq& 
vpqvrrdwyvyaflsslpwv^elye^ 
kkdmqerfrlrpylafdsilcealqhnlp^ 
iikshwkerktcaaqlvsypgknkiplnyhivevifaelfql^ 
rldtnmttcvdrfinwfshMsnf^^ 

ptciykygdessnslpghsvalclavafkskatndeifsilkdvpnpnqdddddegfe 

hsfsalaldhevfWaesdegklhvlrvmfe^ 

lhstirkmi^ 

lteMvrcetdgtsvltpwykncieri^ 

462. Stolp human (02) Q09161 
msrrrhsdendggqphtarktsdanetedhte^^^ 
ekltiyttlvgllnamynfggefveamk^^ 
vpqvrrdwyvyaflsslpwvgkelyekk^ 
kkdrwqerhilrpylafdsilceal^ 
iikshwkerktcaaqlvsypgkn^ 
rldtmnttcvdi^wfshhlsnfqf^ 

ptciykygdessnslpghsvdclavafkskatndeifsiMvpnpnqdddddegfsfepM 
hsfsdaldhevfktlaesdegldhvlrvm 
lhstkkmnkhvlkiqkeleeakeklarqhkrrsddddrasdik 
ltehlvrcetdgtsvltp^ 

463. Stolp human (03) S50082 
msmhsdendggqphkrrktsdaneted^ 
eMtiyttlvgllnamynfggefveamk^^ 
vpqvrrdwyvyaflsslpwvgkelye^ 
ldcdrwqertol^ylafdsilceal^ 
iikshwkerktcaaqlvsypgknkiplnyM^ 
rldtimittcvcWinwfshM^ 

ptcij4cygdessnslpghsvalclavafkskatndeifsiMvpnpnqdddddegfsfeplki 

hsfsdaldhevfktlaesdegldhvlrvmfevwrr^ 

lhstirkmnkhvlkiqkete^ 

ltehlvrcetdgtsvltpwykncierlqqiflqhhqiiqqymvtlenllftael^ 

464. Stolp human (04) CAA56334 

msnrhsdendggqphkrrktsdanetedUesUckvgeksacsiesnlegla^ 
ekltiyttlvgllnamyr^ 

vpqvrrdwyvyaflsslpwvgkelyeldcdaemdrifantesylta 
kkdrwqerhilipylaf^ 
iikshwkerktcaaqlvsypgknM^ 
rldtnmttcvdrftowfs^ 
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ptciykygdessnslpg^alclavafkskatndeifeilkdypn^ 

hsfsalaldheviktlaes^ 

Ihstirkmnldiv^ 

ltehlvrcetdgtsvltpwyta^^ 

465. Stolp human (05) BAA06769 
msmhsdendggqphkrrktsdanetedhlesUckvgek^ 
ekltiytflvgllnaniynfggefveamkqlkeslkamyne 
vpqmdwyvyaflsslpwvgkelyeldcdaemdrifantesylte 
kkdiwqerhilrpylafdsilcealqhnlpp^pphtedsvypm 
iikshwkerktcaaqlvsypgknldplhyMvevifae^ 
rldtmnttcvdr^wfshMsnfq^swedwsdclsqdpespkp 
ptciykygdessnslpghsvald^^ 
hsfsdakfeevfktlaesdegldhvlrvmfevwrnhpqi^ 
tostkkmnkhvlkiqkele^ 
lteMwcetdgtsvltpwyknci^ 

466. Stolp human (06) AAH01450 
msmhsdendggqphkrrkte^ 
ekltiyttlvgllnamynfgge^ 

vpqvrrdwyvyaflsslpwvgkelyekkdaemdrifantesylk^ 
kkdmqerhilrpylafdsilcealqlmlppftppphtedsvypmpm 
iikshwkerktcaaqlvsypgknkiplnyhivevifae^ 
rldtmnttcv&finwfshMsnfq^ 

ptciykygdessnslpghsvalclavafkskatndeifsilkd^npnqddd 
hsfsalakfhevfktlaesdegklhvlrymfevwr^ 
lhstkkmnkhvlkiqkeleeakeklarqhkrrsddddrss^^ 
ltehlvrcetdgtsvltp^^ 

467. Stolp human (07) 15988381 
ktsdanete<Meshckvgeksacsle^ 
fggefveamirqlkeslkannyneavylvrflsdlvnchviaapsmvamfe 

vgkelyekkdaemcMfantesyta^ 
lcealqhidppftppphtedsvypmpmta^ 

pgknMplnjiuvevifaelfqlpapphidvmytflUelcUqpgslpqvlaqat^ 

hlsnfqffrvswedwsdclsqdpesp^^ 

vdclavafkskatadeifs^ 

degldhvlrvmfevwrnhpqmiavlvdkmirtqiv^ 

eeakeklarqhdgvleeqierlqekvesaqseqknlflvifqifimiltehi 

hhqiiqqymvtlenllftaeldphilavfqqfcalqa 

468. Stolp human (08) 15988383 
ktsdanetecMeslickvg^ 
fggefveamirqlkeslkaim 
vgkelyekkdaemdrifantesy 
lcedqhnlppftppphtedsvypmprv^ 
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pgbildplnyMvevifaelfqlpappMdvm 

hlsnfqfiwswedwsdclsqdpespkpkfvrevlek 

valclavafkskatndeifsiM^ 

degklhvlrvmfevwnihpqim^ 

eeakeklarqhdgvleeqierlqe^ 

hhqiiqqymvtlenllftaeldphilavfqqfcalqa 

469. Stolp human (09) 159&8385 
ktsdanetedhleshckvgeksacslesn^ 
fggefveamirqlkeslkannyneavylvrf^ 
vgkelyekkdaemdrifante^^ 
lcealqhnlppflppphtedsvypmprvifimfdytddpegpv^ 
pglcnkiplnyinvevifae^^ 
hlsnfqfhvswedwsdclsqdpesp^ 

valclavafkskatndeifsilkdvpnpnqdddddegfsfeplkievfvqtlM 
degklhvlrvmfevwn^ 

eeakeklarqhdgvleeqierlqekvesaqseqknlflvifqrf^ 
hhqiiqqymvtlenllftaeldphilavfqqfcalqa 

470. Stolp human (10) A54748 
msmhsdendggqphlOTktsdaneted^ 
eldtiyttlvgllnamynfggefve^ 
vpqmdwyvyaflsslpwvgkelyekkdaemlirifantesyllaT 
kkdmqerhilrpylafdsilcealqh^^ 
iikshwkerktcaaqlvsypgk^ 
rldtimttcvdrfinwfshhlsirf^^ 
ptciykygdessnslpghsvalclavafkskata^ 
hsfsalaldhevfktlaesdegldhvlrvmfevwmhp 
lhstirkmnkhvlkiqkeleeakeklarqhkiTsddddrssdrkd^ 
IteWvrcetdgtsvltpwykncierlqqifdqhhqiiqqymvfleim 

• 

Vph1 p(7 sequences) 

471. Vphlp human (01) Q93050 
mgelfrseemtlaqlflqseaayccvselgelg^^ 
dtgenpevpfprdmidleanfekienelkem^ 
grgtpMgi^agvinreriptfermlwrvcrgnvflrqa 
raslypq)etpqerkemasgvntriddlqmvlnqtedhrqrvlqaaaknir^ 
aevwcpvtdldsiqfalrr^ 

flfavmfgdfghgilmtlfavwmvkesrilsqknenemfst^ 
vipmftynwteethgnpvlqlnpalpgvfggpypfgidpiw 
yfkkplmyfgfipeiifmtsl^ 
vvallcvpwmUflq>lv^^ 

yclgcisntasyMwalslahaqlsevlwtmvihiglsvkslagglvlfffft^ 
wvefqnkfysgtgfkflpfsfehiregkfee 
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472. Vphlp human (02) CAA96077 
mgelfrseemtiaqlflqseaayccvse^ 
dtgenpevp$rdim<Uea^ 
grgtpMgfvagvinreriptfermlwrvcrgavfkqa 
rasl>pcpetpqerkemasgvntriddlqm 
aewcpvtdldsiqfalrrgteh^ 
flfavmfgdfghgilmtlfavwmvlresrUsqkn 
vipmftynwteetirgnp^ 
yjQdq)lniyfgfipeiifetslfgylvil^ 
wallcvpwinllfkplvkrqylrrkhlgttnfg 
yclgcisntasyMwalslahahvsevl^ 
wvefqnkfysgtgfkflpfsfehiregkfee 

473. Vphlp human (03) NP_065683 
masvfoeemclsqlflqveaayccvaelge^ 
lekspltplpremitletvleklegelqeanqnqqalkqsfleltelkyllktt 
avpaymtgldgfiagvinrermasferllwricrgnvyMsem^ 
gfratvypcpepaverremlesvn^ 
viadwfpvadatrikraleqgmete^^ 
^flfavmfgdcghgtvmllaalw^ 
wsv^mtagtwnthvmeeslylqldpaipgv^^ 
lj^yfirtlnmqfipemifilclfgylv^i 
sffwnalisvpwmlHkpfilras^^ 

vhqaihtieyclgcisntasyMwalslahaqlsevlwtmvmiisglqtrgwg 
aflhaklhwvefqnk^ ... 

474. Vphlp human (04) XP_006568 

mgslfeetmclaqlflqsgtayeclsalgekglvqMlnqnvssfqrkfvgevkrceeleri 

egeasppapplkqvlemqeqlqklevekevt^ 

ldyscmqrlgaklgfvsglinq^eafekmlwrvckgytivsyaeldesledpet^^ 

icdcyhchvypypntaeerreiqegln^ 

nkctiaevwcpeadlqdlrraleegsra^ 

iit^flfavmfgdfghgfvmflfalUvlneiiprlnqsqd 

sgwnvsamyssshppaehkkmvlwndsvvr^ 

ihmtfgvilgifiihlhfrkld^ 

lytgqeyvqrvllvvtalsvpvlflgkplfUwllmgrscfgvOT 

maceeMgeilmtqvihsieyclgri^^ 

tifillimeglsaflhairlhwvefqnkfyvgagtkfvp^ 

*. 

475. Vphlp human (05) NP_036595 
mgslfrsetmclaqmqsgtayeclsalgekglvqfrdkqnvgsfqrkfvgevkir^ 
egeasppapplkqvlemqeqlqklevekevt^ 
ldyscmqrlgaklgfvsglinq^eafekmlwrvckgytivsyaelde^^ 
icdcyhchvypj^ntaeerreiqeglntriqdlytvlhktedykqvk 
nkcliaevwcpeadlqdlrraleegsresga 
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utipflfevmfgdf^ 

sgwnvsamyssshppaehkkmvlwndsvv^^ 

ihmtfgvUgifiihlhfrk^ 

lytgqeyvqrvUvvtdsvpviflj^ 

maceeMgeilmtqvihsieyclgcisnt^ 

tifillimegkaflhairlhww^^ 

476. Vphlp human (06) NP_005168 
mgelfrseemtlaqlflqseaayccvselgelgkvqfM^ 
dtgenpevpfprdmidleanfeta^ 
grgtpWgfvagvinreriptfermlwrvcrgnvfkqaeienp 
raslypcpetpqerkemasgvntriddlqmvln^^ 
aevwcpvtdldsiqfalrrgtehsgstvpsilnrmqtnq^ 
flfavmfgdfghgilmtlfavwm 
vipmftynwteetkgnpvlqlnpalpgvfggpypfgid 
yfkkplniyfgfipeiifatslfgyM 
wallcvpwmllfkplvlr^ 
yclgcisntasyMwalslahaqlsevl^^v^ 
wvefqnkfysgtgfkflpfsfehiregkfee 

477. Vphlp human (07) AAL77442 
mgelfrseemtlaqlflqseaayccvselgelgkvqfrdlnpdvnvfqrMro 
dtgenpevpfprdirridleanfekienelkem^ 
grgtpklgfvagvimeriptfenidwrvcrgnvfkq 
raslypcpetpqerkemasgvntridd^ 
aevwcpvtdldsiqfalrrgtehsgs^ 
flfavmfgdfghgilmtlfavwmv^^ 
vrpmftynwteetkgnpvlqlnpdpg^ 
yfkkplniyfgfipeiitotslfgylviUfykv^ 
vvallcvpwmllfkplvlrc^ 

yclgcisntasyklwalslahahvsevlwtmvihiglsvkslagglvlfffl 
wvefqnkfysgtgflcflpfsfehiregkfee 

Vds9d (5 sequences) 

478. Vps9p human (01) NP_055319 
mslkserrgihvdqsdUcldcgcgyygnpawqg 
ltfskfeekktnektrkvttv^ 
Mflegmhykrdlsieeqsecaqdfyhnvaermq^ 
rkalrvt^qmlcvpvnedipevsdm^ 
yivlkgnpprlqsmqyitrfcn^ 
pdaclgvkqmyknldUsqlnerqeriimiea^ 
ppplqpqvyag 

479. Vps9p human (02) T12506 

eiagaaaenidgsUclpgsgsvlldpctgstisettseawsvevlpsdseapdlkqeerlqelescsglgstsddM 
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evssrpstpglswsgisatsedipiM^ 

sssahqltsppsqsesllamfdpl^ 

kqrhsyperlvrsrssctivss^^ 

deksdniipwwrkrfvsampkapip^ 

gamanyestevmgdgesahdsprdealqnisaddlp 

glpdhtdpedneivcflkvqiaeainlqdknlmaqlqeto 

ttqaMerllqrvlrdkevanryfttvcvrlUeskekkk 

seeqlqdaqlaiersvnmrifldafypnqdgdikdqv^ 

ayktprdkvqcilrmcstimnllslanedsvpgaddf^ 

aavefiktiddrk 

480. Vps9p human (03) XPJ)44196 
mvMdihtlahhlkqerlyv^ 

qfvdgykqlgfqetaygeflsrkenprUasslvageklnqentqsviy^ftsty 

lkesdnpMlixgtcafsilf^ 

drfrqkvqemvesnealdvalvnkfi^ 

npeqygusdapinevarfittlmqvgrUqqlamtgseegdprtte 

glsrtvvyitysqlitlvnfmksvms 

atrsrsrtnmlmdlhmdhegssqetiqevqpeevlvislgtgpqltp^ 

pdktlrfslcsdnlegisegpsnrsnsvssldlegesvselgagpsgsngvealqlle^^ 

Itddrdisetvsetwstdvlgsdfdpnidedrlqeiagaaaenmigsllclpgs^ 

psdseapdlkqeerlqelescsglgstsddtdvrevssrpstpglsw^ 

spdmdeithgahqltsppsqsesUamfdplsshegasavvipkvhya^ 

paemeafkqrhsyperlvrsrssdivssvnpm 

eerkdsddeksdra^wwrk^ 

hdsprdealqnisaddlpdsasqaahpqdsafsyrdak^ 

iaeainlqdknlmaqlqetmrcvcrfdrutcrkll^ 

nryfttvcvrllles^ 

fklaf^nqdgdikdqvlheWqrlskvvtanhralqipe^ 
nUslanedsvpgaddf\^vlvfvlik^ 

481. Vps9p human (04) AAH13635 
eafkqrhsyperlvrsrssdivssvnpmsdpswnrrpgneerelpsaad 
dsddeksdrnipwwrlafvsampk^^ 
rdealqnisaddlpdsasqaahpqdsafsyrdaW^ 
Mqdknlmaqlqetacv^ 

ttvcvrllleskekkkefiqdfqkltaaddktaqvedflqflygamaq^ 
fypnqdgdihdqvlhehiqrlskvvtabhralqipevyheapwp^ 

lanedsvpgaddft^vlvM^ (SEQ ID 

NO:485) ' 

482. Vps9p human (05) BAA96045 
redrmaldnllanlppalq)gkssslemtp;^^ 
peevlvislgtgpqltpgmmsenevlnm^ 
legesvselgagpsgsngvedqUeheqattqdnlddto^ 
drlqeiagaaaenmlgsllclpgsgsvlidpctgstisettseawsvevlpsdseapdlkq^ 
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tdvrevssrpstpglswsgisatsedipnkiedte^ 
lsshegasavvipkvhyarpshpppdppilegayggaearlpnfgshvltpaem^ 

rpmsdpswnrrpgneerelppaaaigatslva^^ 

psprlsaqaqvaedildkymaikrtspsdgam^ 

syrdakkkMalcsadsvafpvlthstmgl^^ 

crldlasiaedyrkrapyiayltrc^^ 

taaddktaqvedflqflygamaqdviwqra^ 

tanhralqipevylreapwpsaqseirtisayktprdkvqcilrmcst 

pcUstvqyissfyasclsgeesywwmqftaavefiktiddrk (SEQ ID N):486) 

Vdl033cp (6 sequences) 

483. Ydl033cp human (01) XP_086901 
mqafrhwcalsggvdsavaaUlnTgyqvtgvfh^ 
dvfsdflneyekgrtpnpdivcnkhi^ 
vkUqaadsfkdqtfflsqvsqdalrrtifplg^ 
pghfisiednkvlgthkgwflytlgqr^ 
lvrdkmmechM-hqmalvpcvltlnqdgtv^avqav^ 
gmatespsdspedgpglspll (SEQ ID NO:487) 

484. Ydl033cp human (02) 075648 
mqahhvvcalsggvdsavaaUlmgyqvtgvfinlmwdsldehgvctadkd 

dvfsdftoeyekgrtpnpdivcnkhM^ 
vMlqaadsfkdqtffisqvsqdalrrti^lgg^ 
pghfisiednkvlgthkgwflytlgqrani^^^ 
lvrdkmmechfrfrhqmdvpcvltlnqdgtvwtavqavraia 
gmatespsdspedgpglspll (SEQ ID NO:488) 

485. Ydl033cp human (03) CAB38414 
mqakhwcalsggvdsavaalllnrgyqvtgv^^ 
dvfsdflneyekgrtpnpdivcnkhikfscffhyavdnlgadai 
vkllqaadsfkdqtfflsqvsqdalrrd^lggltkefvkkiaaenrM 
pghfisiednkvlgthkgwflytlgqramgglrepwyv^ 
lvrdkmme^hfifthqmdvpcvl^ 
gmatespsdspedgpglspll (SEQ ID NO:489) 

486. Ydl033cp human (04) CAB63078 
mqakhwcdsggvdsavaalllrrrgyqvtgvfinknwdsldehgvctadkd^^ 
dvfsdflneyekgrtpnpdivcnkhildscffhyavdnlgadm 
vkllqaadsfkdqtfflsqvsqdalrrtiftlggl^^ 
pghfisiednkvlgthkgwflytlgqranigghepwyvy 
lvrdknrniechfHxhqmal^ 

gmatespsdspedgpglspll (SEQ ID NO:490) 

487. Ydl033cp human (05) AAL35970 
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mqakhwcalsggvdsavaalllm^ 
dvfsdflneyekgrtpn^ 

vkUqaadsfkdqtfflsqvsqdalrrti^lggltkefvkkiaaenrlhh 
pghfisiednkvlgthkgwflytlgqraiaigglrepwyvvek^ 
IvrdkmmechMhqmalvpcvlto^^ 
gmatespsdspedgpglspll (SEQ ID NO:491) 

488. Ydl033cp human (06) AAL38183 
mqalrhwcalsggvdsavaalltagyqvtgvfiiiknwdsldehgvc 
dvfsdflneyekgrtpnpdivcnkhMscffi^ 
vkllqaadsfkdqtfflsqvsqdaliiti^^ 
pghfisiednkvlgthkgwflytlgqraniggkepwyw 
lvrdkmmechMhqmalvpcvU^^ 
gmatespsdspedgpglspll (SEQ ID NO:492) 

YOR292cp (9 sequences) 

489. YOR292cp human (01) AAH16289 
hasgrayqrdaahpwkvqvltagslmglgdusqqto^ 
tkvdalkkmlldqggfapcflgcflplvgato^^ 
vaviwnsylswkahrl (SEQ ID NO:493) 

490. YOR292cp human (02) NP 002428 . 
malwrayqralaahpwkvqvltagslmglgdiisqqlveirglqehqrgrtltmvslgcg^ 
tkvdalldanlldqggfapcflgcflplvgalnglsaqdnwaMqrdy^ 
vaviwnsylswkahrl (SEQ ID No:494) 

491. YOR292cp human (03) XPJJ47175 
malwrayqrdaahpwkvqvltagstaglg^ 
tkvdalkkmlldqggfapcflgcnplvgalnglsaqdnwaklqrdypd 
vaviwnsylswkahrl (SEQ ID No:495) 

492. YOR292cp human (04) MPV1_HUMAN • 
malwrayqralaahpwkvqvltagslmglgdiisqqlven-glqehqrgrtltmvslgcgfv 
tkvdalkkmlldqggfapcflgcflplvg^^ 

vaviwnsylswkahrl (SEQ ID No:496) 

493. YOR292cp human (05) S45343 
malwrayqralaahpwkvqvltagsl^ 
tkvdalldanUdqg^apcflgcflplvgalnglsaqdnwaklqrdypd^ 
vaviwnsylswkahrl (SEQ ID No:497) 

494. YOR292cp human (06) AAB25210 
malwrayqrdaahpwkvqvltagslmglgdiisqqlveirglqehqrgrtltmvslg^ 
tkvdalHcmlldqggfapcflgcflplvgaln^^^^ 
vaviwnsylswkahrl (SEQ ID No:498) 
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495. YOR292cp human (07) CAA54047 

malwrayqralaahpwkvqvltagslmglgolisqqlvenrglqehqrgrtttmvslgcg^gp 

tkvdalkkmlldqggfopcflgcflplvga^ 
vaviwnsylswkahrl (SEQ ID No:499) 

496. YOR292cp human (08) 1683146J 
malwayqrdaahpwkvqvltagslmglgtosqqfr^ 
tkvdalkbnUdqggfapcflgcflplvgatoglsaqdnwaklqrdy^ 
vaviwnsylswkahrl (SEQ ID No:500) 

497. YOR292cp human (09) AAH01115 
mdwrayqralaahpwlcvqvltagslmglgdii^ 
tkvdalkkmlldqggfapcflgcflplvgamglsaq^ 
vaviwnsylswkahrl (SEQ ID No:501) 
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Appendix B. Functions of host factors 



Protein. 

Apl5 



Function/Phenotype 



Vesicular trafficking 
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